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I.I. General considerations 
The orthopaedic surgeon is confronted almost daily wi th more or less marked 
differences in leg length. Minor differences, ranging from a few millimetres to 
1-2 cm. are regularly observed without demonstrable cause. According to 
Morscher and Taillard (1965). these minor asymmetries are found in two-
thirds to three-quarters of so-called normal individuals. 
The more marked asymmetries are usually due to disturbance of the normal 
epiphyseal growth of one or several long bones in one of the extremities. The 
causes of these local growth disorders can be divided into two categories 
(Morscher 1972; Tachdjian 1972): 
1. congenital causes, e.g. congenital hypoplasia of the long bones in the 
lower limb, congenital hemihypertrophy. arteriovenous fistulae, etc.; 
2. acquired causes, e.g. traumatic lesions, infections, neuromuscular affec-
tions. tumours. Legg-Perthes disease, etc. 
Since differences in leg length occur as a result of local growth disorders, 
general inhibition of growth or stimulation of cartilaginous growth centres 
cannot abolish these differences. 
Current efforts to abolish differences in leg length are based on conservative 
measures (elevated shoes, orthopaedic extension braces or prostheses), and 
on the other hand on surgical procedures. The latter can be divided into three 
groups (Sijbrandij 1968; Wagner 1972): 
A. Operations on the longer leg: 
1. epiphysiodesis to inhibit the growth of the still growing longer leg; this 
usually involves inhibition of part of the epiphyseal growth of the healthy 
leg; 
2. shortening of the fully grown longer leg by a reducing osteotomy; this 
usually also involves the healthy leg. 
B. Operations on the shorter leg: 
1. stimulation of the longitudinal growth of the still growing shorter leg by 
stimulating the activity of one or several growth plates in order to gain 
length; 
2. lengthening the fully grown shorter leg by an extending osteotomy. 
C. A combination of A and B. 
Of the abovementioned methods, inhibition of the growth of one or several 
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growth plates of the healthy leg. or shortening by a reducing osteotomy, have 
the disadvantage of causing disproportion of the trunk-leg ratio Surgical 
lengthening of the shorter leg, on the other hand, is a complicated procedure 
which can readily give rise to delayed consolidation and neurological, vascu-
lar or muscular complications (Kawamura et al. 1968). Stimulation of the 
longitudinal giowth of the still growing shorter leg seems to be the method of 
choice, which also gives a better trunk-leg ratio 
Many investigators have made clinical as well as experimental attempts to 
abolish differences in leg length by stimulating growth. Wu et al. (1937), 
Pease (1952), Nordentoft and Guldhammer (1964). Hedstrom (1969), Tach-
djian (1972) and Hermans (1974) have published extensive surveys of me-
thods so far described to stimulate local epiphyseal growth Experimentally 
and clinically, stimulation of epiphyseal growth has been observed after 
arteriovenous fistulization (Janes and Musgrove 1950, Lemmens and van 
Straaten 1972). after fractures (Greville and Janes 1957, Greville and Ivins 
1957; Yabsley and Harris 1965; Staheh 1967, Hedstrom 1969; Tjong Tjm Tai 
1974; Edvardsen and Syversen 1976), after stripping the periosteum from the 
entire length of the diaphysis (Wu et al 1937, Lacroix 1947; Sola et al 1963; 
Yabsley and Harns 1965; Chan and Hodgson 1970; Kéry 1972; Jenkins et al. 
1975), and after implantation of ivory pins and metal objects in the metaphy-
sis near the growth plate (Chapchal and Zeldenrust 1946, 1948, Herndonand 
Spencer 1953; Carpenter and Dalton 1956, 1963; Haas 1958; Ford and Cana-
les 1960) The methods of local stimulation of longitudinal growth so far used, 
have produced only a slight increase in length, and the exact increase has 
been difficult to predict. The gain in length is usually explained on the basis of 
the vascular theory (Trueta 1953, Silbermanet al. 1967). This theory postula-
tes that the intervention always causes hyperaemia at the level of the growth 
plate, which enhances the activity of the plate and thus results m a local 
increase in length. 
Cnlly (1972) observed a gam in length of about the same order after osteo-
tomy (artificial fracture) and transverse section of the periosteum of the 
radius in a chicken The gain in length following transverse section of the 
penosteum cannot be explained on the basis of the vascular theory, accord-
ing to Cnlly; he maintained that the procedure causes hardly any vascular 
lesion. Secondly, the theory cannot explain the selective effect on both 
growth plates which Cnlly observed. He found that the growth plate on the 
far side of the site of section continued to show increased growth activity as 
compared with the control plate The growth plate on the near side initially 
showed increased growth activity but subsequently showed less growth 
activity than the corresponding control plate. Thirdly, the theory fails to 
explain why the direction of section is so important for the gam m length: 
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transverse section causes an unmistakable gain in length, whereas longitudi-
nal section produces hardly any gain. According to Crilly, stimulation of 
longitudinal growth is of mechanical origin. 
Lacroix (1951) described the periosteum as a fibro-elastic membrane stretch-
ed between the two growth plates. During growth, the membrane is taut-
ened, the increased tension is believed to inhibit the activity of the growth 
plates. Crilly observed retraction of the two ends after transverse section of 
the periosteum, suggesting a decrease of the tension in the two periosteal 
halves. As a result of this decrease, the activity of the two growth plates is 
less inhibited, and a gain in length results. 
Theunissen ( 1973) observed oxy talan fibres in the periosteum, indicating that 
stretch tensions are indeed present in the periosteum. 
Due to the opposite growth contribution of the two growth plates, a neutral 
zone exists in the periosteum of a long bone (Lacroix 1951). The neutral zone 
is the site at which the periosteum shows no displacement in relation to the 
underlying bone. On either side of this zone, the periosteum moves over the 
bone in opposite directions. The site of the neutral zone is determined by the 
individual growth contribution of the two growth plates. According to Crilly, 
a new neutral zone develops at the site of transverse section of the perios-
teum, and this new zone begins to exert its influence on the activity of the 
growth plates because at this site the periosteum becomes attached to the 
underlying bone. A longer length of periosteum can stretch more easily than a 
short length. Moreover, a given degree of stretch causes a greater amount of 
tension in a short length of periosteum than in a longer length. After trans-
verse section of the periosteum, both growth plates are initially stimulated 
because the restraining effect of the periosteum is abolished. After regenera-
tion of the periosteum, the growth plate on the far side of the new neutral zone 
persists in its increased activity longer than the plate on the near side. 
Crilly advanced this theory to explain the selective effect on the two growth 
plates. This theory can also explain the gain in length after fractures and 
stripping of the periosteum from the entire length of the diaphysis. Most 
fractures and diaphyseal periosteal Strippings, after all, involve circumferen-
tial periosteal lesions. 
This theory would also facilitate interpretation of the observations reported 
by Hall-Craggs (1968. 1969). After epiphysiodesis of the proximal growth 
plate of a rabbit tibia, she observed stimulation of the activity of the distal 
growth plate as compared with the control plate; and after distal epiphysiode-
sis she observed stimulation of the activity of the proximal growth plate as 
compared with the corresponding control plate. The epiphysiodesis causes 
displacement of the neutral zone towards the immobilized growth plate. 
Tension in the periosteum diminishes, and the still active growth plate 
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becomes even more active, resulting in a gam in length as compai ed with the 
control plate 
This theory cannot explain stimulation of gmwth after arteriovenous fistuli-
/ation and insertion of ivory pins and metal objects into the metaphysis near 
the growth plate. 
The above shows that the gain m length of growing long bones after the 
procedures described, is usually explained by assuming that increased acti-
vity of the growth plates occurs as a result of hypeiaemia Recent descrip-
tions of these phenomena indicate also the possibility of mechanical eflects 
on epiphyseal growth by tension in the periosteum. 
1.2 Obieitnes of this stndv 
In the experiments to be described, the influences of transverse section of the 
periosteum on the growth activity of the growth plates were studied. In 
addition, periosteal regeneration after transverse section was studied histo-
logically. 
The set-up of this study was based on the following problem statements. 
I. Does transverse section of the periosteum have a stimulating effect on the 
gmwth activity of the growth plates and. if so, is the site of section 
determinant of changes in the individual growth contribution of the growth 
plates. 
2 Is the altered growth activity of the growth plates in longitudinal direction 
associated with a change in transverse growth, in other words: is there a 
correlation between the trans\erse and the longitudinal growth of an 
growth plate after transverse section of the periosteum. 
3. Does transverse section of the periosteum exert an influence on the 
growth of the epiphyses. 
4. How does the periosteum regenerate after transverse section, and which 
structural changes can be observed in the periosteum after regeneration 
Are there indications in support of Cnlly's 'anchoring' theory (1972), m 
which he postulates that regenerated periosteum becomes attached to the 
bone. 
5. Is the time during which the activities of the growth plates are stimulated, 
correlated with the lime required for periosteal regeneration. 
The rabbit femur was selected as experimental model, hor the study of 
problem statements I. 2 and 3. a metal bone markerwas introduced into both 
femurs in 21 rabbits, and one femur was stripped at a proximal, diaphyseal or 
distal level, while the other femur served as control. Standardized registra-
tion of the growth of the femurs was effected with the aid of radiographs. 




MATERIAL AND METHODS 
2.1 Test animai 
2 1 I Selection of test animal 
In selecting the test animal, the following criteria were considered. 
a. There should be reports m the literature on growth experiments with these 
animals 
b The animal should grow relatively quickly and reach maturity within a 
relatively short time 
c. The animal should be sufficiently large to permit performance of standar­
dized operations within a relatively short time. 
The rabbit seemed the most suitable species because this animal is frequently 
mentioned in the literature m the context of efforts to influence local growth 
activities (Wu et al 1937; Chapchal and Zeldenrust 1946. 1948; Herndon and 
Spencer 1953; Haas 1958. Ford and Canales 1960, Yabsley and Harris 1965; 
Hall-Craggs 1968; Kery 1972, Hermans 1974). Moreover, the vascularization 
of the long bones in this species has been described in detail (Trueta 1968; 
Brookes 1971; Moss-Salentijn 1976). 
Little is known about the age at which rabbits have completed growth. 
Watson and Tyndale-Biscoe (Thompson and Worden 1956) examined Euro­
pean rabbits and obtained radiographs showing that the proximal growth 
plate of the tibia closes 33-44 weeks after birth (in the 41st week in 50% of 
cases). Heikel (1960) found that the proximal growth plate of the tibia closes 
after 22-32 weeks In our rabbits, femoral growth was no longer clearly 
demonstrable after about 26 weeks (fig 2.1). 
The length of the long bones is sufficient to permit reasonably standardized 
operations at an early age. 
2.1.2 Oiigm and ас с ommociation 
The rabbits (strain. New Zealand White) were obtained from a commercial 
breeding farm. They had been bred in a semi-open colony (dams from the 
same farm and bucks from other commercial breeding farms) Some 5 weeks 
after birth they were transferred to the Central Animal Laboratory (head W 
J. I. v.d. Gulden), University of Nijmegen. Weaning coincided with depart-
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fig. 2.1. Mean growth curve of femurs of 5 male (o) and 5 female ( χ ) rabbits of the New Zealand 
White strain. Distance measured: total length (distance CJ, fig. 2.12). 
ure from the breeding farm. Immediately after arrival the animals were given 
a numbered ear-tag and accommodated in individual cages with a floor of 
wire netting. The cages measured 60 χ 45 χ 45 cm, and the meshes of the wire 
netting measured 2 x 2 cm. The room temperature was 2(У240С. Illumination 
was controlled by a timing device: light from 06.00 to 18.00 hrs, dark from 
18.00 to 06.00 hrs. The feed consisted of Pellets LK-01 (Hope Farms B. V., 
Woerden, The Netherlands), of which the animals received 60-140 g/day, 
depending on age. Water was given ad libitum. 
2.1.3 Sex, age and Utter 
Initially, both males and females were used in the experiment. Since distinct 
differences in ultimate femoral length were observed (fig.2.1), females were 
eliminated from the experiment in order to avoid possible sex-linked system­
atic deviations. The litter origin of each rabbit was registered. The usual 
litter size was 5-7 animals, with an average of 3 males per litter. At the time of 
operation the rabbits were about 6 weeks old. 
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2.2 Experimental operations 
2.2.1 Selection of experimental model 
The femur was selected as experimental model, for the following reasons. 
The growth of the femur is not influenced by an adjacent bone (which might 
have an inhibitory effect). It is readily accessible by a lateral surgical ap-
proach. The femur has one proximal (fig. 2.2.). and one distal growth plate and 
substantial information on its vascularization is available (Trueta 1968; 
Brookes 1971; Moss-Salentijn 1976). Radiological follow-ups on growth pro-
ved to pose no problem. 
ßg. 2.2. Sagittal section through proximal femur of a rabbit aged about 6 weeks (New Zealand 
White strain). We distinguish two epiphyses and one growth plate, χ 5. 
2.2.2 Preparation for operation 
On the day before operation, drinking water was removed at 12.00 hrs, but 
feeding was not discontinued. The animals were weighed and received a 
premedication of 0.25 mg atropine intramuscularly and 0.5 ml Hypnorm (10 
mg fluanisone and 0.2 mg fentanyl per ml) intramuscularly. Once these took 
effect, blind intubation was carried out (Philipsen 1969). The area of opera­
tion was then shaven, cleansed with Betadine (povidone-iodine) soap and 
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washed with 1Ш alcohol. The rabbit was then placed on a heated operating 
table and connected to the anaesthetic apparatus (equipped with an Amster­
dam infant ventilator). Anaesthesia was maintained with a mixture of oxy­
gen. nitrous oxide and halothane. The area of operation was painted with 
iodine and draped with sterile towels; the same drapes and instruments were 
used for different rabbits. 
2.2.3 Operation 
The rabbit was placed in a lateial position, and a longitudinal incision was 
made in the lateral aspect of the thigh. The site of incision depended on the 
level of transverse periosteal section. After dividing skin and fascia lata, the 
lateral femur was approached between the vastus lateralis muscle (ventral) 
and the cranial abductor cruris muscle (dorsal), thus exposing the lateral 
aspect of the femur. Next, two small incisions (2-3 mm) were made parallel to 
the femur, ventrally in the vastus lateralis and dorsally in the adductor brevis 
and adductor magnus. at the junction between muscle and periosteum (Ba­
rone et al. 1973). Two small AO-Hohmann retractors were then placed in 
position. With a round needle, a 4 χ 0 steel wire was passed beneath the 
femur. By a sawing movement with this steel wire, the periosteum was cut 
ventrally. medially and dorsally (fig.2.3). A scalpel was used to cut the lateral 
periosteum (fig.2.4), whereupon the periosteum was observed spontane­
ously to retract 1-2 mm. Bent tweezers were used to detach the periosteum 
from the bone all around and push it apart, causing an opening of 4-5 mm 
(fig.2.5). If performed as described, the operation involved virtually no blood 
loss. 
Ιίμ. 2 S. sectioning of the periosteum with the aid of 4x0 steel wire. 
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fig 2 4 sectioning of the lateral part of the periosteum with the aid of a scalpel 
fig 2 5 Detachment of the periosteum with the aid of bent tweezers 
Proximal transverse periosteal section was carried out about 1 cm distal to 
the third trochanter (Barone et al. 1973) This procedure entails a risk of 
causing a lesion of the principal nutrient artery, which enters medially just 
beneath the lesser trochanter (Brookes 1971) The diaphyseal transverse 
periosteal section was carried out about halfway the diaphysis The distal 
section was carried out immediately distal to the superior lateral genicular 
artery (Brookes 1971). 
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Laici ally, m the centre of the aiea of transverse periosteal section, a small 
defect in the coitical bone was made with a centre punch. With the aid of a 
pencil-shaped impiantato!" (fig.2.6 A and B). a tantalum bone marker with a 
length of 1.5 mm and a diametei of 0.5 mm was implanted (fig.2.7) (Bjork 
1968).* During implantation, the femur was supported with the two Hoh-
mann ι enactors. The original implantator was so modified that the central 
pm no longer protruded 0.2 mm from the holder but remained 0.2 mm behind. 
І І Ш Ш * 
У/д'. 2 6.A ImpUntdtor fix 2.6.B. Implantator disassembled 
fig. 2 7. Tantalum bone marker introduced in the centre of the transverse periosteal section. 
* Implantator and bone markers were manufactured and supplied by the firm of О Dich Ltd 
Holmevej 18 Hvidovre Denmark 
20 
This modification was made in order to prevent the bone markers from being 
driven too deep into the cortical bone so that, due to remodeling, they would 
quickly enter the medullary cavity (as frequently observed in the pilot study). 
On the control side, the operation was performed about halfway the diaphy-
sis. No transverse periosteal section was done here, and the bone markerwas 
introduced about halfway the diaphysis. In order to avoid periosteal damage. 
no Hohmann retractors were placed here. The femur was supported ma­
nually while the bone marker was introduced. The fascia was sutured with 
thin catgut, and the skin with linen or nylon. Wound healing was always by 
first intention. 
2.3 Radiologual teihntqiieл and procedure 
2.3.1 Radiophotography 
Radiographs of the rabbit femurs were taken immediately after operation and 
then every 14 days until the age of 24 weeks, whereupon they were taken 
every 4 weeks until the age of 36 weeks. The animals were always anaestheti­
zed for radiography. Preparations and the anaesthesia itself were as descri­
bed in section 2.2.2. After radiography, nalorphine (0.2 mg/kg body weight) 
was injected into an ear vein as an antidote against fentanyl. 
The radiographs were taken in an arrangement especially made for this 
purpose (fig.2.8 A and B; fig.2.9 A and B). In a box lined with a 2 mm layer of 
lead, the rabbit was placed supine on a profiled Perspex sledge, which was 
movable in two directions. The pelvis was fixed behind a pelvis support, the 
hmdlegs were fixed in extension by placing the tuber calcanei behind 
U-shaped cleats. These cleats were mounted on guides which could be 
adjusted in two directions. Under lateral TV fluoroscopy with image intensi­
fier (Philips type B.V. 20 S), both femurs were placed on a line running 
parallel with the film cassette holder. The distance from this line to the 
cassette holder was 6.9 cm The femurs were so placed that proximally the 
dorsal plane of the third trochanter, and distally the supracondylar tuberosity 
rested on this Ime (Barone et al. 1973; fig.2 10). The femurs as well as the 
patellae were superposed. The roentgen apparatus (Philips Superpraktix) 
was fixed to the box. The focus-film distance was 69 cm. The roentgen film 
was then placed m a cassette holder on which a radiopaque patch was placed 
which bore the rabbit's number and the date (Peters 1975). A radiograph was 
then taken ofboth femurs in anteroposterior projection (fig.2.11). This arrange­
ment ensured standardization of the focus-film distance (69 cm) and the 
femur-film distance (6 9 cm). 
We initially used Kodirex Auto-Process X-ray film envelopepacked 13x18 
no-screen, but the definition of these photographs was poor. Subsequently, 
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fig. 2.8.A Set-up for standardized radiography of the femur (anterior view). 
fig. 2.8.B. Diagram of set-up shown in fig. 2.8.A. 
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fig. 2.9.A. Set-up for standardized radiography of the femur (lateral view). 
дп^ 
fig. 2.9.B. Diagram of set-up shown in fig. 2.9.A. 
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fig. 2.10 Schematic representation of radiological features projected on TV screen. 
fig. 2.11 Example of a standardized radiograph. Rabbit aged 18 weeks. Right proximal trans-
verse section (S). 
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therefore, we changed to the Du Pont lo-dose mammography system. 
Technical data on radiography: 
- roentgen apparatus: Philips Superpraktix 
- exposure: 36 kV, 15 mA, 3-3.5 sec 
- film: Du Pont lo-dose 18 χ 24 
- developing: R.P. X-Omat processor, Kodak 
- developing time: 90 sec 
- developer: R.P. X-Omat, Kodak 
- fixative: R.P. X-Omat, Kodak 
The image of the femurs was enlarged due to the divergence of the X-rays. 
The enlargement factor is equal to the quotient of the focus-film and focus-
femur distances, i.e. about 69/62.1 = 1.11. We took all values from the 
radiographs, without conversion to true dimensions. It should therefore be 
borne in mind that a distance measured from the radiograph has to be 
multiplied by about 0.9 in order to obtain the true distance. 
2.3.2 Measurement points and procedure of measuring radiographs 
On the radiographs of the rabbit femur, two points of the bone marker and 
the following anatomical measurement points were defined (fig. 2.12). 
A. Centre of lateral end of bone marker. 
A'. Medial point of bone marker. 
B. Centre of lateral proximal growth plate in the line of the bone contour. 
C. Furthest point on greater trochanter, viewed from the length of the bone. 
D. Centre of the incisure between both proximal epiphyses in the line of the 
bone contour. 
E. The tangent point of a line on the femoral head, parallel to the growth 
plate of the femoral head. 
F. The centre of the medial proximal growth plate in the line of the bone 
contour. 
G. The centre of the medial distal growth plate in the line of the bone 
contour. 
H. The furthest point on the medial femoral condyle, viewed from the length 
of the bone. 
I. The nearest point in the intercondylar fossa, viewed from the length of 
the bone. 
J. The furthest point on the lateral femoral condyle, viewed from the length 
of the bone. 
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К. The centre of the lateral distal growth plate in the line of the bone 
contour. 
fig. 2 12 Schematic representation of the femur of a rabbit aged about 10 weeks, with markings 
indicating the measurement points defined in the text. Points L and M are the calculated centres 
of the distances BK and GK. 
The positions of points L and M. the halfway-points of the distances BF and 
GK (proximal and distal growth plate), were calculated from the measured 
values. The definitions of the measurement points are not exact (and cannot 
be for anatomical measurement points). The measurement error introduced 
by this inexactness is evaluated in chapter 5 and found to be acceptable. 
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The coordinates of the above described points were recorded on punch-tape 
with the aid of a coordinate-measuring table: the Optocom (van der Linden et 
al. 1972). The Optocom is a two-dimensional measuring table with a coordi­
nate pick-up, over which a microscope is mounted. The enlargement factor 
of the microscope is 10, and the measuring range is 10 χ 10 cm. After 
completion of an experiment the roentgen images of the femurs were cut from 
the photographs and diagonally fixed to the measuring table, to be studied in 
transillumination. A series of radiographs of one rabbit was always measured 
in the same order, beginning with 6 weeks left, 6 weeks right, and ending with 
36 weeks right. Before the radiographs were measured, the following data on 
the rabbit were recorded: number, age in weeks, left or right transverse 
periosteal section, litter number, sex, site of transverse periosteal section 
and weight. Next, the coordinates of the bone marker and the anatomical 
measurement points were measured in alphabetical order. The coordinates 
were recorded in tenths of a millimetre on punch-tape, and typed out. In 
general, the photographs were only once measured on the Optocom. 
2.3.3 Analysis of the data 
The data collected on punch-tape were processed by the Department of 
Statistical Consultation, University of Nijmegen (head: Ph. van Eiteren). 
The data were screened for errors. The measured values were analysed with 
the aid of Wang 500 desk calculator and the computer (IBM 370/158) of the 
University Computing Centre. The following statistical tests were applied. 
- The F-test for variance ratio (Hald 1957, ch. 14). 
This test can be used to establish whether the variances of independent 
samples of two normal variâtes differ significantly. The two-sided probability 
of exceedance is determined from the tables of Fisher's F-distribution. 
- The t-test for Pearson's coefficient of correlation (Hald 1957, equation 
19.12.3.) can be applied to establish whether there is a significant correlation 
between two variables observed pairwise on a sample of objects. It may only 
be applied if it can be assumed that the variables simultaneously show a 
normal distribution. The values given are Pearson's coefficient of correlation 
r (this always has a value between-1 and + 1, and its deviation from zero is a 
measure of the degree of relation between the two variables) and the two-
sided probability of exceedance P, determined with the aid of Student's 
t-distribution. 
- One-way analysis of variance (Hald 1957, section 16.4). 
This test can be used to establish whether the means of к samples differ 
significantly; it has to be assumed that the samples are independently drawn 
from normal populations with equal variances. 
- The Friedman test for concordance of rankings (Kendall 1962). 
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This test can be used to establish whether there is a significant concordance 
between m rankings of a set of к objects according to different criteria These 
criteria are often quantities measured on the objects 
- Bartlett's test for equality of variances (Hald 1957, section 11.6). 
This test can be used to establish whether the variances of a number of 
samples differ significantly, assuming a normal distribution of the variables m 
question. 
- The Welch t-test (Hald 1957. equation 5.4.15) can be used to establish 
whether the means of two samples differ significantly, assuming the samples 
to have been independently draw η from normal populations, which need not 
have equal population variances The two-sided probability of exceedance Ρ 
is approximated from Student's t-distnbution. 
- Student's t-test for paired observations (Hald 1957, section 15.2) can be 
used to establish whether the mean difference of variables observed pairwise 
(e.g measurements of the same quantity before and after treatment on the 
same object) is significant if it can be assumed that the differences have the 
same normal distribution. 
2 4 Histology 
Rabbits whose femurs were used for histological examination were sacrificed 
with the aid of an overdose of Nembutal (pentobarbital). The abdominal 
aorta was cathetenzed and the caudal vena cava incised and perfused via the 
aortic catheter with about 0 5 1 physiological saline. Next the animal was 
perfused with about 0.5 1 1Ш neutral formalin (4'% formaldehyde). Both 
femurs were then dissected out, including the surrounding muscles, and fixed 
in \(У7с neutral formahn. After 3-4 days' fixation the femurs were cut so that 
only the strip site and its immediate environment remained. The tissue 
fragments were decalcified in а 2(У7с formic acid solution to which 5% sodium 
citrate had been added Decalcification was radiologically verified. After 
decalcification the tissue fragments were dehydrated via an alcohol series, 
celloidin impregnation, chloroform and toluene, and then embedded in Para­
plasm* The fragments were so orientated that longitudinal sections of the 
long bone were obtained. Sections of 7 μ thickness were cut. On the basis of 
screening sections (1 : 10), a few sections from the mid-sagittal plane were 
selected. These were placed on slides and stained by one of the following 
techniques: 
a. Haematoxylin-Eosin staining according to Delafield (Lillie 1965), for ge­
neral tissue survey; 
* Paraplast Plus. Sherwood Medical Industries. St Louis, Missouri. USA 
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b. Elastin staining according to Weigert-Van Gieson (Romeis 1968) for ob-
servation of elastin fibres and collagen fibres; 
c. Toluidine-Blue (Romeis 1968) as metachromatic stain for observation of 
the cartilage matrix. 
CHAPTER 3 
DETERMINATION OF AN AGE-INDEPENDENT REFERENCE 
SYSTEM FOR THE STUDY OF FEMORAL LONGITUDINAL 
AND TRANSVERSE GROWTH 
3.1 Introduction 
The growth of bone differs from the growth of other tissues. In the growth of a 
long bone, three different aspects can be distinguished (Hunter 1728-1793; 
Lacroix 1951; Enlow 1968; Sissons 1971; Kalayjian and Cooper 1972; Gard-
ner 1973; Siffert 1973): 
1. Longitudinal growth of the long bone takes place exclusively through 
growth at the ends of the bone: 
a. at the level of the growth plates; 
b. at the level of the epiphyses through longitudinal growth of these 
epiphyses. 
2. Transverse growth (growth in width) takes place at the level of the 
epiphysis, growth plate and diaphysis. 
3. External remodeling ensures that the relative geometry of the long bone 
remains intact. 
The purpose of this study was to investigate the total longitudinal growth, the 
growth contribution of the separate growth plates, the longitudinal growth 
contribution of the epiphyses, and the transverse growth at the level of the 
growth plates. Growth was radiologically followed in that radiographs were 
taken at different intervals in the course of growth (section 2.3.1). A number 
of measurement points were defined (section 2.3.2), which made it possible 
to study the growth of various parts of the femur. 
Application of a radiological measuring technique involved two-dimensional 
interpretation of a three-dimensional growth phenomenon. For comparison 
of measurements made at different times, an age-independent reference 
system is required. An orthogonal x-y coordinate system was chosen in order 
to be able to differentiate between longitudinal and transverse growth. 
Growth in the direction of the x-axis, which roughly extends in the direction 
of the longitudinal axis of the femur, was defined as longitudinal growth; and 
growth in the direction of the y-axis was defined as transverse growth. 
Growth - i.e. the displacement of a point during a given time interval - has 
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two components: the x-component and the y-component, i.e. the projections 
of the growth trajectory on the x-axis and the y-axis, respectively. 
A fixed point and a fixed line in a plane are required for such a reference 
system. With the aid of two bone markers per femur, which remained in a 
fixed position, an effort was made to find a fixed line which roughly extended 
in the direction of the longitudinal femoral axis and was determined by two 
anatomical points. With the aid of this line, an age-independent reference 
system was defined in the femurs with only one bone marker in a fixed 
position. This reference system made it possible to compare the growth 
components of the various individual femurs. 
Two bone markers were introduced in both femurs in 8 rabbits. Efforts were 
made to ascertain whether these bone markers changed their position. In the 
femurs in which the bone markers remained in a fixed position, the markers 
defined a line which we called bone marker direction. With the aid of the bone 
marker direction, efforts were made to find two anatomical points which 
define a constant line that extends roughly in the direction of the longitudinal 
axis of the femur. 
3.2 Displacement of the bone markers 
On the radiographs of the 8 rabbits with two bone markers in the femurs, 4 
points were defined (fig.3.1). The lateral centre of the distal bone markerwas 
point P. The medial point of the distal bone marker was point Q. The medial 
point of the proximal bone marker was point R. The lateral centre of the 
proximal bone markerwas point S. Radiographs were taken at the age of 6, 8, 
10, 12, 14, 16, 18, 20,24,28,32, 36and41 weeks. The coordinates of points P, 
Q, R and S were measured in duplicate on the Optocom (section 2.3.2). The 
distances PS, QR and QS were calculated from these measured values. When 
these distances remained constant during growth, it was assumed that the 
bone markers remained in the same position. The possibility that both bone 
markers would change their position in exactly the same way, was rejected as 
unlikely. The distances calculated are subject to measurement errors. This is 
why the standard deviation of the duplicate means and the duplicate error 
(square root of half the mean of the squared duplicate differences for the 
various ages) of the distances PS, QR and QS were calculated. If the distances 
remained constant, then the standard deviation of the duplicate means and 
the duplicated error had to be of the same order of magnitude. The statistical 
results were compared with visual observations. The series of photographs 
of the rabbits were studied and efforts were made to determine in which 
femurs the bone markers showed a visible change in relative positioncduring 
growth. 
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Jig. 3.1. Schematic drawing of two bone markers, indicating the defined measurement points P, 
Q. R and S. 
Table 3.1. lists the standard deviation of the duplicate means (sddm) of the 
distances PS. QR and QS for all rabbits with two bone markers. If the 
standard deviation of the duplicate means of at least one of the three distan-
ces has a high value, then this indicates a change in the relative position of the 
bone markers. In column A, an X marks the cases in which at least one of the 
three standard deviations exceeded 0.15 mm. In table 3.1, the duplicate error 
(de) per distance per femur is indicated also. The duplicate error is a measure 
of the measurement error in the distances, due to measurement with the aid of 
theOptocom. In the cases marked with an X in column A, the duplicate error 
was significantly smaller than the standard deviation of the duplicate means; 
application of the F-test (section 2.3.3) revealed that in these cases the 
standard deviation of the duplicate means was significantly larger than could 
be expected on the basis of the duplicate error. This also applies to some of 
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Rabbit 
number R or L Distance PS Distance QR Distance QS A В 
6551 L sddm 0 48 0 14 0 42 X X 
de 0 07 0 06 0 07 
R sddm 0 12 0 12 0 12 nd nd 
de 0 06 0 05 0 06 
6552 L sddm 0 07 0 05 0 06 nd nd 
de 0 07 0 06 0 07 
R sddm Oil 0 10 0 12 nd nd 
de 0 07 0 05 0 05 
6553 L sddm 0 36 0 08 0 28 X X 
de 0 06 0 06 0 07 
R sddm 0 61 0 21 0 33 X X 
de 0 03 0 06 0 04 
6554 L sddm 0 07 0 06 0 06 nd nd 
de 0 05 0 06 0 05 
R sddm 0 04 0 09 0 04 nd nd 
de 0 08 0 02 0 08 
6555 L sddm 0 18 0 22 0 15 X nd 
de 0 05 0 04 0 08 
R sddm 0 44 0 15 0 30 X X 
de 0 13 0 10 0 15 
6556 L sddm 0 96 0 36 0 42 X X 
de 0 05 0 06 0 06 
R sddm 0 07 0 09 0 08 nd nd 
de 0 04 0 04 0 04 
6557 L sddm 0 06 0 06 0 08 nd nd 
de 0 08 0 05 0 07 
R sddm 0 07 0 08 0 06 nd nd 
de 0 05 0 05 0 07 
6558 L sddm 0 09 0 07 0 06 nd nd 
de 0 06 0 04 0 05 
R sddm 0 06 0 07 0 07 nd nd 
de 0 07 0 06 0 05 
Table 3 I Standard deviations of duplicate means (sddm) and duplicate errors (de) of the 
distances PS, QR and QS per femur in rabbits 6551 through 6558, given in millimetres In column 
A, the femurs in which te sddm of at least one of the three distances exceeded 0 15 mm are 
marked with an X, the other femurs with nd (no displacement) In column В the femurs in which 
the bone markers showed a visible change in relative position are marked with an X, and the 
other femurs with nd 
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the cases marked with nd (no displacement) in column A (e.g. in the right 
femur of rabbit 6552 for each of the three distances). The standard deviation 
of the duplicate means in this case was therefore relatively large in relation to 
the Optocom error, and yet there was no visible change in the relative 





























































































































Table 3.2: Duplicate means of the distances PS, QR and QS per age. their mean values (mean), 
standard deviations of the duplicate means (sddm) and duplicate errors (de) in rabbit 6556. 
Distances are given in millimetres. There were no radiographs forage 14 weeks. In the left femur 
the relative position of the bone markers changed, as clearly shown by the difference between 
standard deviation of the duplicate means and duplicate error. The approximate age at which 
these changes occurred can be deduced from the mean distances PS. QR and QS per age. In the 
right femur the position of the bone markers was unchanged. 
In order to gain an impression of the behaviour of the bone markers showing 
displacement during growth, table 3.2 indicates for one rabbit the changes in 
the distances measured with increasing age. For the left femur of this rabbit, 
the standard deviation of the duplicate means of distance PS, QR and QS 
greatly exceeded 0.15 mm. From week 28 on, distance PS showed an unmis-
takable decrease; distance QS showed a less marked decrease and distance 
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flg. 3.2. Photographs of the left femur of rabbit 6556 at the age of 6, 28 and 41 weeks. Changed 
position of bone markers quite evident at 28 weeks. Even more evident at 41 weeks. 
QR showed irregular changes. A study of the radiographs of this rabbit also 
clearly revealed displacement of the two bone markers (fig. 3.2). In the right 
femur the standard deviations of the duplicate means were much smaller than 
0.15 mm and only minor changes in the distances were visible. 
In column Bof table 3.1, an X marks the femurs in which there was a visible 
change in the relative position of the bone markers. The similarity between 
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length ( m m ) 
- -• ι 1 1 1— 
50 75 100 125 150 
length ( mm) 
//#..'..*. Displacement ol" the ;m;ili>mic;il measurement points in the course of time (6. 10. 14. 16. 
24. 32 an 41 weeks; computer drawing). 
columns A and В shows that it is possible to estimate from radiographs 
whether two bone markers have changed their relative position. 
In ten femurs, the bone markers did not change their relative position (table 
3.1). In these femurs it was therefore possible to study the displacement of 
the anatomical measurement points (section 2.3.2) as afunction of time. For 
this purpose, the measurement points of the bone markers of a series of 
photographs were always superposed. With the aid of acomputer, fig.3.3 was 
thus constructed. This graph clearly shows how the displacements of the 
anatomicid measurement points depend on longitudinal and transverse 
growth. It also shows quite clearly that longitudinal and transverse growth 
cannot be studied by measuring changes in the distance between an anatomi­
cal point and the bone marker. 
3.3 An age-independent reference system 
An age-independent reference system is required for comparisons between 
the growth components of the various femurs. Such a reference system 
should meet the following requirements: 
1. one of the coordinate axes should parallel the longitudinal axis of the 
femur as closely as possible; 
2. this axis will have to be determined by anatomical measurement points; 
3. it will have to be constant during growth. 
In the rabbit femurs in which the two bone markers showed no demonstrable 
change in position (section 3.2), we studied for this purpose the line through 













Λ S A2 
fig. 3.4 
Pf Ai 05mm 
fig. 3.5 ^і^ъ.^ 
-—JK] bone marKer 
d i rect ion 
disi 
1 5 mm 
fig 3 4 Schematic drawing of two bone markers, indicating the bone marker direction the line 
through the centres of the distances PQ and RS 
fig. 3 5 Schematic drawing of a femur with two bone markers, indicating the bone marker 
direction and line I through points L and M as well as line II through the centres of the line 
fragments CE and HJ Also indicated are angle ß| and angle Рц, ι e the angle between line I and 
the bone marker direction, and that between line II and the bone marker direction 
centres of line fragments CE and HJ (line 11). In these animals theline through 
the centres of the bone markers, the line through the centres of distances PQ 
and RS (fig.3.4), marks the bone marker direction. For each measurement, 
the slopes of lines I and II (i.e. the tangents of the angles between lines I and II 
and the bone marker direction: ßj and ßu respectively) were calculated 
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Table 3 3 The slopes (the Ungents of the angles ßi and р ц between lines I and II and the bone 
marker direction) of lines 1 and II are indicated per age per rabbit femur Also indicated is 
Pearson s coefficient of correlation between slope 1 or II and time with reference to significance 
or non significance This table includes only rabbit femurs in which the position of the bone 
mai kers remained unchanged with the exception of rabbit 6554 on which insufficient observa 
tions were available (death after 12 weeks) 
η s = nol significant 
sign = significant at a level of 59f 
range = maximum range of the slopes observed 
The table shows that the slopes were not quite constant in the course of time 
(they could not be expected to be constant). The differences were due partly 
to incidental measurement errors, and partly to real changes. In an effort to 
gain some insight into these changes, Pearson's coefficient of correlation 
(section 2.3.3) between slope and age was calculated (table 3 3). For line I, a 
significant correlation with time was found in 4 of the 8 femurs (femurs 6551 
R, 6557 L, 6557 R and 6558 L). For line II, a significant correlation with time 
was found in 3 of the 8 femurs (femurs 6551 R, 6557 L and 6557 R). This means 
that, in 7 cases, a correlation was demonstrated between the course of the 
slope and the course of time, whereas in 9 cases this was not demonstrable. In 
all cases, however, the changes in the slopes of lines I and II were minor 
changes. The maximum range of the slopes observed in the rabbit femurs 
listed in table 3.3 was 0.06 for line I (an angle of about 3.4°) and 0.08 for line II 
(an angle of about 4.6°). In view of the narrow range of the slopes it can be 
maintained that, approximation being sufficiently accurate, lines I and II in a 
series of measurements are at a constant angle to the bone marker direction. 
With the aid of lines I and II it is therefore possible, in the femurs with one 
bone marker, to define an approximately age-independent and interfemorali y 
comparable reference system if the bone marker has not changed its position. 
We opted for line I because this approximates the longitudinal axis of the 
femur and because the variations in this line proved to be smallest More­
over, line I can always be clearly defined on the photographs, unlike line II 
(because points C, Ε, H and J occasionally fall outside the photograph). 
The age-independent reference system for femurs with one bone marker thus 
encompassed the x-axis, which coincides with line LM, and the y-axis, the 
line through point A (centre of lateral end of bone marker; section 2.3.2) and 
the projection of point A on line LM. The growth of a distance is character­
ized by an x-component and a y-component. Growth in the x-direction is 
called longitudinal growth, and growth in the y-direction is called transverse 
growth. For analysis of the growth behaviour of the femur, we studied the 
x-components of the distances CJ, LM, LA, AM, LC, LE, ΜΗ and MJ and 
recorded the findings as CJ X , LM X , etc. We also studied the y-components of 
the distances BF, GK, LC, LE, ΜΗ and MJ, recording the findings as BFy, 
GKy, etc. (fig.3.6). 
In rabbits with only one bone marker, it is impossible to calculate whether 
this marker changes its position. In these cases one has to rely on visual 
observations. Examination of the series of photographs revealed in a few 
cases that, due to remodeling during growth, the bone marker entered the 
medullary cavity and tilted (fig.3.2). In these cases the bone marker was 
assumed to have changed its position. In other cases it was observed that the 
bone marker came to he deeper in the cortex as a result of remodelling. This 
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y-axis 
fig. 3.6. Schematic drawing of a femur, indicating the anatomical measurement points and the 
orthogonal x-y coordinate system. The x-axis is formed by line LM and the y-axis by the line 
through point A (centre lateral end bone marker) and the projection of point A on line LM. 
transverse displacement, with the bone marker still fixed in the cortex and 
therefore unable to tilt, exerts no influence on the definition of the reference 
system. The bone markers were introduced more or less perpendicular to the 
shaft, i.e. the longitudinal axis of the femur. Transverse displacement of the 
marker cannot influence the definition of the reference system because the 
projection of point A on the x-axis (LM) remains unchanged. In these cases 
the bone marker was therefore assumed not to have changed its position. A 
bone marker fixed in the cortex cannot be displaced along the length of the 
femur, because longitudinal growth of a long bone is known to take place 




fin. 3.7. Growth distance d. projected on the x-axes of the momentaneous coordinate system I 
(d,) and the mean coordinate system T(d,). Angles φ and Θ are indicated. 
3.4 The possible errors Introduced by the use of the age-independent refe­
rence system 
It has already been shown that line I (the line through points L and M) meets 
requirements 1 and 2 as formulated in section 3.3. Line LM does not entirely 
meet requirement 3. In rabbits with two bone markers which show no 
demonstrable displacement during growth, the angle between line I and the 
bone marker direction is not quite constant (table 3.3). If, per rabbit femur, 
one defines a constant longitudinal direction, i.e. a longitudinal direction at a 
constant angle to the bone marker direction, then the question may be raised 
whether the projection of a distance on this constant longitudinal direction 
deviates much from the projection on line I. In order to settle this, we chose 
as constant longitudinal direction line Í, whose angle to the bone marker 
direction is the mean of the angles between line I and the bone marker 
direction at each separate age of examination. Let us now consider a line 
fragment of length d on a line which, at given age, shows an angle Θ to line I, 
while at that age line I shows an angle φ to the constant lineT(fig.3.7). Then 
we find that the length of the projection of the line fragment (d) on 
line I : d, = d.cos Θ 
and on 
line Τ : d2 = d.cos (Θ + φ) 
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The relative error in d, then becomes: 
d2 - d, _ cos (φ + Θ) - cos Θ _ cos φ. cos Θ - sin φ. sin Θ 
d, cos θ 
= cos φ - tg θ . sin φ - I. 
cos Θ 
According to table 3.3, the standard deviation of the slope of line I is nowhere 
greater than 0.02; this means that tg φ will rarely deviate from the mean of tg φ 
by more than 0.04 (2 χ standard deviation). Since tg 2.3° = 0.04, it can be 
maintained that |φ| <2.3 0 . The relative error is slightly larger for φ = -2.3° 
than for φ = +2.3°. 
The same applies to projections on the y-direction, perpendicular to the 

















































Range of Θ 
(in degrees of angle) 
0.4 - 0.7 
0 
9 - 12 
3 - 4 
17-26 
6 4 - 7 3 
61 - 6 7 
2 3 - 2 9 
2 5 - 2 8 
6 2 - 6 5 
1 2 - 15 
7 5 - 7 8 
10- 11 
16- 19 
9 - 12 
6 - 9 
9 - 1 4 
8 - 1 0 
10- 15 
17-36 
Relative error (%) 
0.4-0.6 
< 0.1 
0.7 - 0.9 
0.3 - 0.4 
1 - 2 
8 - 13 
7 - 9 
2 
2 
8 - 9 
1 







0 . 8 - 1 
1 - 3 
Table 3.4 In the last column the relative error (dj-d.J/d, is given per distance in percents of the 
range of mean values of Θ corresponding with this distance. 
Θ = angle between the line on which the distance is defined and the direction of projection: 
x-direction = line 1 
y-direction = perpendicular to line I 
TPS = transverse periosteal section 
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distance considered and the y-direction. In order to give an impression of this 
error, table 3.4 was composed as follows: 
1. per age, per distance, the mean angle Θ over the femurs was calculated 
between this distance and line I, or the direction perpendicular to line I; 
2. per measurement, the minimum and the maximum value of this angle was 
determined (indicated as range of Θ in the table); 
3. for the minimum and the maximum value, the relative error (di - di)/di was 
calculated in percents at φ = -2.3°; 
4. for the distances of which A (centre of lateral end of bone marker) was one 
of the end-points, separate calculations were made for untreated and for 
proximally, diaphyseally and distally stripped femurs, because the bone 
marker was placed at the site of the transverse periosteal section. 
The calculation led to the conclusion, clearly demonstrated in table 3.4, that 
the relative error of a projection of a distance on the x-axis and the y-axis 
increases as the angle between the distance and the x-axis or y-axis increases. 
3.5 Summary 
An age-independent reference system is required if the displacement of 
anatomical measurement points is to be studied on radiographs. The refe­
rence system chosen was an orthogonal x-y coordinate system. In a plane a 
fixed point and a fixed line are required for such a reference system. One of 
the coordinate axes will have to be a line determined by two anatomical 
points, which parallels the longitudinal axis of the femur and remains con­
stant during growth. In a number of rabbits with in the femurs two bone 
markers which remained in an unchanged relative position, a line was defined 
through the centres of the bone markers and called bone marker direction. 
With the aid of this bone marker direction, efforts were made to define in 
these femurs a line through two anatomical points, parallel to the longitudinal 
axis of the femur and remaining constant during growth. The line through the 
centres of the growth plates (line LM) proved to be virtually constant during 
growth. The radiographs of the femurs with only one bone marker were 
studied in order to establish whether the position of this bone marker re­
mained unchanged. For the femurs with a bone marker which did not change 
its position, an age-independent reference system was defined. The x-axis of 
this system coincides with line LM, and the y-axis is formed by the line 
through point A (centre of lateral end of bone marker), and the protection of 
point A on line LM. The growth in the x-direction was called longitudinal 
growth, while that in the y-direction was called transverse growth. 
For an analysis of the growth behaviour of the femur we studied the 
x-components of the distances CJ, LM, LA, AM, LC, LE, ΜΗ and MJ, 
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recording the findings as CJX, LMX, etc. We also studied the y-components 
of the distances BF, GK, LC, LE, ΜΗ and MJ, recording the findings as 
BFy, GKy, etc. 
An analysis of the possible error introduced by the use of this reference 
system, showed that the relative error is dependent on the angles between the 
distances CJ, LM, LA, AM, etc., and the coordinate axis on which they are 
projected. For most of the distances the relative error is small. 
44 
CHAPTER 4 
THE EXPONENTIAL GROWTH MODEL* 
4.1 Introduction 
If conclusions are to be reached concerning the effect of transverse periosteal 
section on the femoral growth activity, then the growth behaviour of treated 
and untreated femurs must be compared. The coordinates of the various 
anatomical measurement points of the femur and of the bone marker placed 
in the femur are registered with the aid of a coordinate measuring table: the 
Optocom (section 2.3.2). Longitudinal and transverse growth have already 
been defined in section 3.3. In growth studies, the choice is often between 
studying differences between observations made at different ages (incre-
ments) and fitting a curve in accordance with some growth model. If it is 
possible to fit a suitable curve to the values measured, then this is to be 
preferred because: 
1. Temporary individual disturbances of the growth pattern and measure-
ment errors can exert a very marked influence on increments measured 
during a given period, but exert only a slight influence on the fitted curve 
(van 't Hof et al. 1976); 
2. Model curves make it possible to summarize the principal information 
contained in the data, in the values of a few parameters (whereas the 
number of increments in consecutive observations is often very large). 
If a given growth model proves to be satisfactory (in other words: if the 
deviations between observations and functional value are sufficiently small), 
then it is not advisable to revert to the increments. This chapter discusses in 
detail an exponential growth model, with reference to the possibilities and 
limitations of this model in determining the possible effects of transverse 
periosteal section on the growth of the various parts of the femur. 
4.2 Description of the model 
The differences between the coordinates of measurement points will be 
referred to as 'distances'. The measurements of one such distance at diffe-
rent times will be referred to as 'measurement series'. Let L be such a 
distance. L is time-dependent, and this can be denoted as L = L(t). The result 
of the measurement series of L then consists of a number of paired Figures, 
* Huiskes 1976 
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each pair consisting of' time t, at which a radiograph is taken and the value of 
distance L at that time L (t,) If we arc to describe the course of L(t), 
compare the growth behaviour of distances, and average accidental influen­
ces, then we must find a mathematical relation which covers the paired 
figures of a measurement series. We postulate the following relation: 
u t ) = λα) +s(t) (i) 
L(t) is the distance measured; λ(0 is a mathematical function which describes 
the growth behaviour of the distance considered, s(t) is a stochastic variable 
determined by the measurement errors and possible, very brief growth 
disturbances. The function assumed for λ(0 is then called the mathematical 
growth model. If we assume that the expectation of s(t) equals zero, that the 
variance of s(t) is constant and that λ(1) is a given function with certain 
unknown parameters, then these parameters can be estimated from the 
measured values (t,,L(t,)) The general shape of the growth curve (fig.2.1) 
indicates an exponential model. The following exponential growth model will 
now be further considered: 
Ut) = Η - G . e " a t (2) 
In this equation H, G and α are the unknown parameters and e is the 
immeasurable number 2.71828.. . The time of operation is defined as t = 0. 
For the various measurement series, values are sought for parameters H, G 
and α by fitting the function to the measured values with the aid of the least 
square method.* Fig. 4 I shows the fitting of an exponential growth curve for 
distance CJ X of the right (treated) femur of rabbit 7870. The postulated 
growth model proved to be satisfactory for the distances CJ X , LM X , LA x and 
AMX (section 6.2) For the distances BFy and LEy, well-fitting exponential 
curves were likewise found: these curves, however, had such a flat course 
that other than exponential growth models could also be considered. The 
exponential growth model proved to be unsatisfactory for the distances GKy, 
LC X , LCy, LE X , MH X , MHy, MJX and MJy. In further analysis of the 
growth, therefore, this model will be used only for the distances CJ X , LM X , 
LAX, AMX, BFy and LEy. 
4.3 Physical interpretation of the growth model 
An interpretation of parameters H, G and α can be established by further 
* For the principle of the least square method ingenerai we refer to Hdld(l9V7. seclion 18 2) In 
this particular case the fitting was earned out with the aid of the FARMF1T programme 
evolved by the Nijmegen University Computing Centre For details we referto Breimer( 1974, 
pages 30-31) 
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age (weeks ) 
fig. 4.1. Measured values and fitted exponential function for distance CJX of the right (treated) 
femur in rabbit 7870 (H= 116.4720 mm; G= 47,2240 mm; a= 0.1460 weeks"1)· 
analysis of λ(1). 
a. By calculating the limit of λ(1) as t becomes infinite (t — ~ ) we establish 
that λ(ί) approaches parameter Η asymptotically for large t: 
limit MX) = Η (3) 
t - CS3 
For sufficiently large t, the curve approaches a straight line at level H, 
parallel to the t-axis. Η can therefore be interpreted as the value which the 
distance in question acquires when the animal is fully grown. 
b. The value of a distance at the time of the operation (t = 0) is given by: 
λ(0) = Η - G (4) 
c. It follows from a and b that G represents growth between t= 0 and t - oo. 
d. If t=T|/2 is defined as the time at which the distance has grown half the 
value G (i.e. G/2), then it follows from (2) that: 
α = ln2/T1/2 
so that: Τ,η = 1η2/α 
Τι« will be called half-life. 
(In2: natural logarithm of 2) (5) 
(6) 
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In fig. 4.2 a function X(t) has been graphically drawn, with the parameters 















Ti/2 = tJ l i t (weeks) 
/ì^ 4.2 Graph of a function λ(ι) = H-G e"at,with indication of the parameters which determine 
the course in time. 
4.4 Growth velocity 
The increase in length of a distance per unit of time is called growth velocity 
(ν); ν is generally time-dependent: ν = v(t). In the mathematical model the 
growth velocity is described by the time derivative of λ(1): 
,.. d X(t) „ -a.t ,_. 
v(t) = — ^ - = G.a.e (7) 
dt 
The growth velocity at the time of the operation (t = 0), therefore, is: 
v(0) = G.a (8) 
(v(0) will henceforth be written V 0). 
The value of v(t) equals the tangent of angle ß between the tangent to the 
curve X(t) at time t, and the horizontal axis (fig. 4.3). It directly follows from 
(7) that the growth velocity in the mathematical model continuously diminis-
hes during growth, and for large t approaches zero: 
l im v(t) = 0 
t - СЧЗ 
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It can be deduced from (5) and (7) that the following equation is valid for Т
иг
: 
νίΤ,η) = 'h.G.a =Чг.
 0, 
so that at time t=T|,2 the growth velocity has diminished to half the initial 
value V0. A graphic representation of a function v(t) is shown in fig. 4.4. 
X ( t ) 
H-G 
1 г 
t t (weeks) 
fig. 4.3. The growth velocity v(t), indicated in the graph of Ш). 
ш ι mm 
; 
V0 = G a 
V2V0 




ί ^ ^ _ _ _ _ 
71/- = Ln2 t (weeks) 
fig. 4.4. Graph of v(t) = G.a.e -a.t 
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4.5 The grouth period 
It is a property of the exponential function X(t) that the functional value 
increases continuously with increasing t; the difference between Ш) and the 
asymptotic value H will dimmish and approach zero for large t, but X(t) will 
nevei exactly equal H This contradicts the biological observation that 
growth plates close and the long bones no longer increase in length. In order 
to establish which error is introduced in this manner, the difference ö(t) 
between asymptotic value H and functional value λ(1) at time t was examined 
(fig. 4 5). Applying (2) it was found that: 
•a.t 
Η-λ(0 = G.e 





The ratio O(t)/G is a measure of the relative error introduced when total 
growth at time t is equated to G. This ratio proves to be determined by t/T|, :. 
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3 4 5 6 7 8 9 10 11 
t 
fig. 4.6. Ô(t)/G as function of Ι/Τ,β for 3<t/T1/2< 11. Ti/2 
4.6. Age at time of operation 
The animal's age at the time of operation influences the values found for the 
parameters of the growth model. This influence is now studied by conside­
ring a growth curve which, in the absolute sense, is independent of the time of 
operation (in other words: it is assumed that the operation does not influence 
the course of growth). 
In accordance with (2) it is found for the course of growth that: 
λ,ίΐ) = Η , - Ο , . β " 0 ' · 1 , 
in which the indices indicate that situation I is involved here. Had the 
operation taken place a time interval At later, then it would have been found 
that: ,. . .. 
Mt) = H 2 - G 2 . e - a > - ( t - A t > . 
Both situations are shown in fig. 4.7. Since the growth curves in the two 
situations are identical in the absolute sense, it has to be found that: 
λ,ίΐ) = X2(t) and Η, = H2 , so that: 




 = G 2 . e -
a > - ( t - A t ) , o r 
G . ^ ' ^ ^ . e ^ ^ . e ^ 1 
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/ig. 4.7. Parameters for the same distance in animals of different age at operation. 
Since this has to be valid for each time t, it follows that: 
G, = G 2.e
 2
' and a, = a 2 
Applying (6), it also follows that: 
(Ті/г)! = (Ti/2)2, 
and, applying (8), it follows that: 
i/ _ ι/ a.At 
' O l ' 0 2 - ; (a, = a, = a) . 
To summarize: If for identical growth curves time, t = 0 would differAt 
weeks, then the following would be found for the model parameters: 
identical a, and therefore identical Τ |
β
; 
identical asymptotic lengths H; 
asymptotic total growth lengths related as: 
G„ Jcarl> 
= e
a . A t
=
 At.ln2/T1/2 
and initial velocities likewise related as: 
' O c j r l y a.At At.ln2/T„2 
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fig. 4.8. G^Gj and ν,,,/ν,^ as function of ΔΙ/Τ,β for 0<At/T|/2<0.14 
In fig. 4.8, the value of these ratios has been drawn as function of Δΐ/Τ,β. 









This means that the change in the time of operation causes a change of about 
2.5% in G and V0 . 
For the left and the right femur of the same rabbit, time of operation (t = 0) 
always occurs at the same age; but for two different rabbits this need not 
always be the case. If the ages at operation are different, then parameters a, 
T|/2 and H can be compared without further processing, as demonstrated 
above. Parameters G and V 0 should first be transformed to equal ages 
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accoiding to fig. 4 8, and can only then be compared In comparisons of 
differences between parameters of treated and untreated femur between 
different ι abbits (as in section 6 1.2), differences in age at operation produce 
a second order erroi This error is ignored 
4.7 Possibilities and limitations of the model 
The above described properties of the growth model can be applied to the 
measured growth behaviour of distances shown to be described with suffi­
cient accuracy by the model. CJ X , LM X , LAX, AMX, BFy and LEy. For this 
purpose the parameters H, G and α are determined for a measurement series 
by fitting λ(0 to the measured values with the aid of the least square method. 
From these parameters, derivative parameters such as V 0 and Taz can be 
calculated. In this respect it is to be pointed out that Η and G are parameters 
in the model which are reached if t becomes infinite However, the experi­
ment was terminated at a particular time, which is indicated as t
w
; the 
animals were submitted to operation at about 6 weeks of age (t= 0), and the 
experiment was terminated at about 36 weeks of age, which means that t
w 
was about 30 weeks. In the giowth model, the value of growth between t = 0 
and t = t
w
 is G-Ò(tw) If ò(tw) were negligibly small, then G could be called 
total growth (with a small error) However, it was found that ô(tw), although 
very small for many distances, was sometimes not sufficiently small to be 
ignored. As previously demonstrated.Ò(tw)/G is dependent on t w /T | / : . 
If T,/: = 5 weeks and t w = 30 weeks, then it follows from fig. 4.6 that 
ò(30) = 0.016.G. For higher half-life values, ò(tw) can become significantly 
larger. IfT| i := 8 weeks and t w = 30 weeks (the longest measured half-life for 
an x-distance), then δ(30)= 0.074.G; in other words: 6(30) is 7.4% of asymp­
totic growth G. For the y-distances the half-life values are often even higher. 
On the basis of these fairly marked differences, not only parameter G but also 
parameter G
w
= X ( t
w
) - λ(0) was studied as measure of the total growth of a 
distance. Whether growth did in fact stop at t = t
w
 weeks could not be 
deduced from the experiments; this means that X(t
w
) is an arbitrary value. 
For the various distances, half-life Τ,», G
w
. G and initial growth velocity V 0 
of the treated and the untreated femur are always compared. These parame­
ters were selected because they have an unmistakable physical significance: 
G and G
w
 are a measure of the ultimate effect of transverse periosteal 
section; T,,: is a measure of the time required to attain this effect, and V 0 is a 
measure of the immediate effect 
To illustrate the possibilities of the model, let us consider the growth beha-
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ІпШ a] 
velocities Asymptotic growth Half-life Ύ\ιι Fig no Comment 
ι v 0 2>v 0, 
2 V0 2 = V 0 l 
11 Gj > G, 
1 2 G2 = G, 
13 G2 < G, 
2 1 G2 > G, 
2 2 G2 = G, 
2 3 G2 < G, 
1 1 1 (T1 / 2)2 > (T,/ 2), 
1 1 2 (T 1 / 2) 2 = (Τ,,ζ), 
1 1 3 ( Τ , Ο ) , < σ,η), 
ι 2 ι σ,β), > (Tui), 
1 2 2 (Τ„2)2 = (Τ,β), 
1 2 3 (Τ1 β)2 < (Τ,η), 
1 3 Ι (Τ,/2), > (Τ,/2), 
1 3 2 (Τ1/2)2 = (Τιβ), 
13 э (τ,/Α < σ,η), 
2 1 Ι (Τ,/2)2> (Τι/2), 
2 1 2 (Τ,β), = (Τ,β), 
2 1 3 (Τ,β)2 < (Τ,β), 
2 2 1 (Τ,β), > (Τ,β), 
2 2 2 ( Τ ι / Λ - (Τ,β), 
2 2 3 (Τ,β), < (Τ,β), 
2 3 1 (Τ,β), > (Τ1 / 2), 
2 3 2 (Τ,/Λ = (Τ,β), 



















Not possible V 0 2 > V 0 l , G, = G, and V 0 = 
Not possible (See 12 1) 
Not possible (See 12 1) 
Not possible (See 12 1) 
Not possible V0 2 = V0, (See 12 1) 
Not possible (See 2 1 2 ) 
Not possible (See 2 1 2 ) 
Exactly identical curves 
Not possible (See 2 1 2 ) 
Not possible (See 2 1 2 ) 
Not possible (See 2 1 2 ) 
By exchanging indices 1 and 2 
= G 1ιι2/Τ„2 
3 v0, < v0, 4 9 t/m 4 13 By exchanging indices 1 and 2 
viour of two hypothetical distances L, and L2, described respectively by: 
λ,α) = H.-G.-e'^and 
λ2(ί) = Н 2 - 0 2 . е " а 2 · 1 
L2 is a distance of a treated, and L, is a distance of an untreated femur. It is 
assumed that the distances are equal attimet=0(H1-G1 = H2-G2). Table 4.1 
lists the possibilities which can present themselves in comparison of the 
parameters, and indicates the numbers of the figures in which these possibili­
ties are graphically illustrated. 
These various possibilities can be physically interpreted as indicated in the 
legends to figures 4.9 through 4.14. In this context it is to be noted that cases 
in which two parameters of different curves are identical, are in fact excep­
tional cases. In possibilities 2.3.3. and 3, L, is regarded as a distance of a 
treated femur, and L2 as a distance of an untreated femur. The interpretations 
of the various combinations are the same as the above, but in the opposite 
sense. 
X ( t ) ( m m ) 
Τ —
H 2 Τ — 
ÍTi^h (Tl/2)2 t ( w e e k s ) 
fig. 4.9 The curves diverge from t= 0. The growth velocity of L2 continues to increase in relation 
to that of L ] . The asymptotic adult length ofL2 becomes larger than that of L j . Insuch acasethe 
treatment would have a lasting effect on growth velocity. L] approaches the asymptotic final 
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 = (Ti/j), 
1 
(T1; 2 ) 2 = ( T l / 2 ) , t (weeks) 
fig. 4. IO. As in 4.9, the difference being that the ratio of the growth velocities is constant at each 
time. This would mean that an influence is exerted on growth velocity immediately at operation; 
an influence which no longer changes in relation lo the untreated femur during growth In this 
case the equal half-life also causes the two distances to approach their final length simultaneous­
ly These two curves are of identical shape 
- - -U 
"
 Н г 
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^ ^ — λ2( t ) 
max distance 
/ 1 ,,——""" X l ( t ) 




 1 1 1 
Vo2>Vo, 
G 2 > G 1 
(T 1,2)2 < ( T i / 2 ) 1 
(Ті/ 2 ) г (Tl/j), t, t (weeks) 
/ij». 4.11 In this case the effect on growth velocity would be abolished in a later stage of growth. 
The curves do not continue to diverge but have a maximal distance at t = t | (which time can be 
mathematically calculated). After this time, the growth velocity of L2 becomes less than that of 
L| In other words: L2 finishes growing earlier The effect on growth velocity is such, however, 
that L2 becomes longer than L|. 
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X(tHmm) 
T H Ì = H2 
G , = G 2 
/ y ' 
f/ 
_ г
Х г ( 1 > 
/ " ^ ^ ^ m a x distance 
(Ті; 2 )г<(Ті/ г ), 
(Tv2)2 t ( weeks ) 
<Ti/ 2 >i 
//'й 4 /2 As in 4 11 the differente being that the growth spurt at the beginning of the growth 
period is such that the asymptotit length docs not differ The growth of 1 2 takes a more rapid 
course but the growth potential is the same In this case G»i<ûW2 
X ( t ) ( m n n ) 
(T i / 2 ) 2 (Tifc), 
t , 
t ( weeks ) 
fig 4 13 The curves intersect at timet = t,, prior to this time there is a maximal distance between 
the curves at time t = t. After intersecting, the curves diverge Initially there is a positive effect 
on growth velocity (growth spurt), but the ultimate effect is negative I-, grows less quickly than 
L2, but the total growth of L, exceeds that of L2 In this case it is possible that t2>tw , which 
means that, although G ^ G j , GW1<GW2 
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X ( t ) ( m m ) 
1
 1 1 ' 
(Ti,2), (Ti/2)2 t (weeks) 
Гіц. 4.14 As in 4.9. the difference being that the effect on growth velocity does not immediately 
become manifest at t = 0. 
It is postulated in the graphs that the initial length of the distances of the 
treated and the untreated femur is the same, but in reality this is rarely true, 
because there are normal biological differences. Moreover, the initial length 
of distances with bone marker point (A) in them, is dependent on the position 
of the bone marker. A different initial length influences only parameter Η, but 
not the test parameters Τ,/ι, G
w
, G and V0. 
4.8 Summary 
The preceding sections discussed in succession: 
a. The exponential model. 
b. Properties of the model. 
с Possibilities and limitations of the model. 
These discussions warrant the following conclusions. 
1. A mathematical (exponential) growth model λ(1) = H - G . e " a t i s satisfac­
tory for the distances CJ X , LM X , LAX, AMX, BFy and LEy. For other 
distances, no suitable model could be found. 
2. In the model, Η and G represent, respectively, the asymptotic final length 
and the total growth from t = 0 (time of operation). Parameter α depends 
on the so-called half-life Τ,β = 1η2/α. 
3. The growth velocity can be deduced from the model. It is found that 
v(o) = V 0 = G.a. 
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4. The model is satisfactory from t=0 to the end of the growth period. The 
latter time is arbitrarily set at about 30 weeks ( t = t
w
) . For some distances. 
the difference between X(t
w
) and the asymptotic Final length was found not 
to be negligible. This is why total growth G
w
 is defined as X(t
w
) - λ(0). 
5. The animal's age at operation influences parameters G
w
. G and V0. 
However, with the aid of the half-life the time axis can be so shifted that 
comparison of two rabbits with different ages at operation remains possi­
ble. The half-life is not influenced. 
6. As parameters for characterization of possible changes in growth after 
transverse periosteal section, Τ,^, G
w
, G and V 0 were determined for 
both femurs of each rabbit. Comparison of the untreated with the treated 
femur with the aid of these parameters can yield 13 possible qualitative 
differences (table 4.1). 
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CHAPTER 5 
ERRORS INTRODUCED BY THE MEASURING METHOD 
5.1 Introduction 
As described in section 2.3.1, radiographs were taken of the rabbits in a 
specially designed set-up immediately after operation, then at 14-day inter-
vals until 24 weeks, and then at 4-week intervals until 36 weeks. Next, the 
measurement points defined in section 2.3.2 were measured from the photo-
graphs on a coordinate measuring table: the Optocom. The projections of the 
distances mentioned in section 3.3 were then calculated with the aid of a 
computer. 
In using this method, measurement errors are introduced in the values of the 
calculated distances. In this chapter, an attempt is made to gain an impres-
sion of the magnitude of these measurement errors. The measurement error 
has two components: 
A. The error made during fixation of the test animal in the box (specially 
designed set-up for taking anteroposterior radiographs of the rabbit femurs; 
section 2.3.1). This is called the 'fixation error'. It results from the fact that 
the animals can never be fixed in the box and photographed twice in exactly 
the same way. Consequently there is always a deviation from true length. 
The magnitude of the fixation error is determined by the accuracy of fixation 
and the accuracy of the box used. 
B. The error made while defining the bone marker points and the anatomical 
measurements points; as well as the technical Optocom error. This is called 
the 'Optocom error'. The Optocom error is caused by the unsharpness of the 
radiographs, the accuracy possible in defining the measurement points, and 
the accuracy of the Optocom. 
The unsharpness of the radiographs depends on: 
1. unsharpness due to movement; 
2. unsharpness of focus or geometrical unsharpness; 
3. unsharpness of the intensifying screen; 
4. film grain unsharpness; 
5. cassette unsharpness (van der Plaats 1966). 
In this study, unsharpness due to movement can be assumed to be zero 
because the animals were under anaesthesia while the radiographs were 
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taken, and the femurs were completely immobile 
The geometrical unsharpness (Ug) in the central beam іь dependent on the 
optical focus size (F = 1 8 mm in the Philips Superpraktix used), the focus-
film distance (Ff), the object-film distance (Of = about 6 9 cm) and the 
focus-object distance (FO = about 62.1 cm) 
F χ Of I 8 x 69 „ , „, , „ ^ 
Up = = = 0 2 mm van der Plaats 1966). 
ß
 FO 621 
Geometrical unsharpness can be reduced by reducing the focus, but this is 
impossible with the Philips Superpraktix used Another possibility to reduce 
geometrical unsharpness is to increase the focus-film distance This is diffi-
cult in the given set-up, because operation of the entire measuring apparatus 
would be less simple and less safe if the focus-film distance was increased 
Reduction of the object-film distance is likewise difficult, because during the 
experimental period the volume of the rabbit legs increases, and the object-
film distance has to remain constant throughout the experimental period. 
This is why the animal's adult age was taken as a starting-point; at this age, 
however, the femurs cannot be aligned closer to the film because of the 
surrounding soft tissues 
Use of the lo-dose system, which involves the use of a fine-grain intensifying 
screen and very fine-grain film with an emulsion layer on only one side, 
ensures the so far achievable minimum of screen unsharpness and film grain 
unsharpness (Hendriks 1976). 
There is no cassette unsharpness. because in the lo-dose system the emulsion 
layer of the film is in direct contact with the intensifying screen; the layer is 
pressed against the screen in a plastic vacuum wrapper. 
Determination of the bone marker points and the anatomical measurement 
points as defined in section 2 3 2 by the person who measures the photo-
graphs, is another possible source of error. This depends, not only on 
photographic unsharpness but also on the person who takes the measure-
ments and on the accuracy with which the measurement points can be 
determined. In a series of radiographs from 6 weeks to 36 weeks, the anato-
mical measurement points gradually change. The measurement points of the 
growth plates (B, D, F, G and K) are subject to change. As the animal 
approaches adult age, the growth plates become less clearly visible and it 
becomes more difficult to determine these points As a result of growth, the 
other measurement points (C, E, H, 1 and J) will probably no longer coincide 
with the measurement points on a preceding radiograph. 
The Optocom coordinate measuring table (van der Linden et al. 1972) has an 
accuracy expressed in decimals of a millimetre 
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5.2 Material and methods 
In order to gain an impression of the magnitude of the fixation error and the 
Optocom error, a number of tests were carried out. 
- At the age of 20 weeks, rabbit 6558 was repeatedly (4 times) fixed in the 
box, and a radiograph was taken after each fixation. The 4 radiographs 
were measured 4 times on the Optocom. 
- At the age of 36 weeks, rabbit 7859 was fixed in the box 4 times, and a 
radiograph was taken after each fixation. The 4 radiographs were measured 
5 times on the Optocom. 
- At the age of 36 weeks, rabbit 7802 was fixed 5 times in the box, and a 
radiograph was taken after each fixation. Each radiograph was measured 
once on the Optocom. 
- The radiograph series (6 through 36 weeks) of rabbits 6514 and 7859 were 
measured 3 times on the Optocom. 
The coordinates thus obtained were used to calculate the projections of 
distances CJ X , LM X , LAX, AM X , BFy, LEy, GKy, L C X , LCy, L E X , M H X ? 
MHy, MJX and MJy as described in section 3.3. 
Determination of the accuracy of measurement starts from the assumption 
that each projected distance has a 'true size' (μ), and that random measure­
ment of each distance is a stochastic (random) variable which equals the sum 
of: 
- the true size μ; 
- a random deviation Fx, determined by fixation (which means that Fx has 
the same value in all measurements of the same distance after the same 
fixation); 
- a random deviation Op, determined by the Optocom error (which means 
that Op can have a different value at each new measurement) 
It is assumed that Fx and Op are independent, that the expected values of Fx 
and Op are equal to zero (the expected values are the means of the population 
of all possible measurements), and that the standard deviations of Fx and Op 
in the population equal σ ρ
χ
 and OQp, respectively. These standard devia­
tions are a measure of the fixation error and Optocom error, respectively. 
The values σ ρ
χ
 and OQp are unknown, but one-way analysis of variance can 
be applied (section 2.3.3) to calculate statistical estimates of these values 
from the observations (van Eiteren 1975). These statistical estimates are here 
called 5 ρ
χ
 and sop· The standard deviation aj of the total measurement 
error Τ will equal (given the above assumptions): 
σ
Τ
 = V oVx + o 2op 
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A statistical estimate s-j- of aj has been calculated from: 
s T = V sVx + ь
2
Ор 
The standard deviations σ ρ
χ
, одр and aj are the roots of the mean squared 
deviations due to the measurement errors in question. Given a normal distri­
bution of the measurement errors, there is a probability of about 68% that 
they are less than lx and a probability of about 95% that they are less than2x 
the standard deviation. The statistical estimates s p
x
, SQp and s j are ap­
proximations of the population values σ ρ
χ
, OQp and o j , calculated on the 
basis of sample data. The sample contains more information on OQp than on 
σ ρ
χ
, because each fixation was followed by 4-5 measurements on the Opto-
com but in actual fact only 3 values of the fixation error Fx were determined. 
Consequently, further attempts were made to establish whether the fixation 
error makes a significant contribution to the total error. One-way analysis of 
variance was applied to compare 'interradiograph' variance with 'intra-
radiograph' variance. 
5.3 Results 
Tables 5.1a, 5.1.b, 5.1.с and 5.Id present the statistical estimates of the 
standard deviation of the fixation error (spx) the Optocom error (SQp) and 
the total measurement error (s j ) for the calculated distances in the left and 
the right femur of rabbits 6558 and 7859. The test result indicates whether the 
fixation error made a significant contribution to the total measurement error. 
The symbols **,*,(*) and - indicate, respectively, whether the p-value of 
the one-way analysis of variance was й 1%, between 1% and 5%, between 
5% and 10%, or > 10%. Possibilities ** and * are interpreted as significant 
results. 
With the estimating technique used, a negative value may be found for s 2 p
x 
and this would lead to an imaginary value for s p
x
. This means that the 
contribution of the fixation error is very small, and that the mean values of the 
measurements for each fixation differ only very slightly. This is why in these 
cases it is assumed that s p
x
 = 0. All units in the tables are in millimetres. 
Tables 5.1a through 5. Id show that, in nearly all distances considered, the 
contribution of the fixation error to the total error is significant. The fixation 
error as a rule exceeds the Optocom error. The measurement errors of the 
large distances do not exceed those of the small distances. For all distances of 
the femurs, the statistical estimates of the standard deviation of the fixation 
error (spx) ranges from Oto 0.5 mm; that of the Optocom error (SQp) does not 
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ft CJX LMX LAX AMX BF y LE y GK y LCX LC y I.EX MHX MH y MJX MJy 
rx 0.06 0.24 0.03 0.25 0.20 0.20 0.01 0.14 0.27 0.17 0.12 0.17 0.21 0.07 
)p 0.05 0.10 0.09 0.07 0.07 0.17 0.09 0.09 0.0« 0.15 0.08 0.09 0.08 0.10 
0.08 0.26 0.09 0.26 0.21 0.26 0.09 0.17 0.28 0.23 0.14 0.19 0.22 0.12 
st result ** ** _ «* ** ** - ** ** ** ** ** ** (*) 
ι ble 5. la: Left femur rabbit 6558. listing the statistical estimates of the standard deviation of 
e fixation error (sp
x
),Optocom error (SQp) and total measurement error (sj) in millimetres. 
ght CJ
x
 LMX LAX AMX BF y LE y GKy LCX LC y LEX MHX MH y MJX MJy 
F x 0.17 0.16 0.02 0.14 0.21 0.31 0.04 0.19 0.25 0.22 0.07 0.28 0.10 0.16 
)p 0.05 0.10 0.08 0.08 0.10 0.12 0.09 0.07 0.10 0.08 0.07 0.12 0.06 0.11 
χ 0.18 0.19 0.08 0.16 0.23 0.33 0.10 0.21 0.27 0.24 0.09 0.31 0.11 0.20 
st result ** ** - ** ** ** - ** ** ** * ** ** ** 
able 5.1b: Right femur rabbit 6558. Of one radiograph, only 3 Optocom observations are 
vailable. Otherwise, see table 5.1a. 
ft CJX LMx LAX AM x BFV L E y GKy LCX LC y LEX MHX MH y MJx MJy 
)P 
0.15 0.20 0.50 0.24 0.05 0 0.05 0.12 
0.04 0.11 0.12 0.08 0.12 0.26 0.16 0.11 0.14 0.11 0.08 0.30 0.06 0.16 
0.23 0.22 0.32 0.14 0.30 0.26 0.22 0.23 0.52 0.26 0.10 0.30 0.08 0.20 
st result ** ** ** ** ** — * ** ** ** (*) — 
ible 5.1c: Left femur rabbit 7859. Of one radiograph, only 4 Optocom observations are 
ailable. Otherwise, see table 5.1a. 
ht CJX LMX LAX AMX BFy LE y GKy LCX LCy LEX MHX MHy MJX MJy 
0.15 0.25 0.19 0.13 0.15 0.09 0.16 0.05 0 0.10 0.07 0.12 0.05 0.08 
0 0.11 0.08 0.08 0.06 0.14 0.14 0.14 0.33 0.15 0.10 0.29 0.07 0.12 
0.15 0.27 0.20 0.15 0.16 0.17 0.21 0.15 0.33 0.18 0.12 0.32 0.09 0.14 
st result ** ** ** ** ** * 
ble 5.Id: Right femur rabbit 7859. See table 5.1a. 
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exceed 0.33 mm and as a rule is less than 0.1 S mm, that of the total error (s j) 
is maximally 0 S2 mm but usually does not exceed 0 30 mm 
If the maximal error is estimated to be 2x the standard deviation, then it can 
be stated that the fixation error usually does not exceed 0 5 mm while the 
Optocom error is not more than 0 3 mm and the total error not more than 0.6 
mm. 
The radiographs of ι abbit 7802 were measured only once on the Optocom, in 
this case, therefore, only the statistical estimates of the standard deviation of 
the total error (sj) can be estimated. Table 4.2 lists the s j for all distances of 
the right and the left lemur of rabbit 7802. 
CJX LMX LAX AMX BF y L F y GKy LCX LC y LEX MHX MH y MJX 
T 0 16 0 4Ì 0 22 OIS 0 24 0 42 0 2S 0 27 0 12 0 24 0 09 0 17 0 16 
s T 0 24 0 20 0 16 0 2-\ 0 17 0 09 0 22 0 31 0 12 0 30 0 12 0 37 0 07 
Table 5 2 Rabbit 7802 I eft and right femur Indicated is the statistical estimate of the total 
measurement error (s j) in millimetres 
The Friedman test (section 2 3 3) was applied to establish whether the 
statistical estimates of the standard deviation of the total measurement error 
(s j ) of the six femurs (rabbits 6 ^ 8 . 7859 and 7802) depends significantly on 
the femur from which measurements were taken. This is not the case 
(p=0.36). The same test was used also to establish whether the s j m these 
six femurs systematically depends on the distance considered; this is in fact 
the case (p= 0.006). It was found that the s j values for MHX and MJX were 
generally small, while those for LCy and MHy were generally large 
The series of radiographs of rabbits 6514 and 7859 were measured 3 times on 
the Optocom In these animals the standard deviation between the measure-
ments was determined at all ages at which measurements were made. The 
Bartlett test (section 2 3.3) was applied to establish, per distance, whether 
these standard deviations differed significantly. The test result is indicated 
by the symbols **,*, (*) or - , respective p-values ^ 1%, 1-5%, 5-10% and 
> 10% Possibilities ** and * are interpreted as significant results In the final 
column of tables 5 3a and 5 3b, dna (does not apply) means that the test 
cannot be applied because at least one of the standard deviations considered 
is equal to zero In the majority of cases the test result is not significant. This 


































































Table 5.3a Left and right femur of rabbit 6514. 
dna = does not apply 















































































Table 5.3b: Left and right femur of rabbit 7859. 
dna = does not apply 
















lor most distances, and therefore did not significantly depend on the rabbit's 
age. This is why in these cases the statistical estimates of the standard 
deviation of the Optocom error (sQp) were calculated per femur of the 
radiograph series. This was done as already described. No s p x was calcula-
ted because the distances measured at the different ages cannot be compared. 
The results of the Bartlett test are indicated per distance in tables 5.3a and 
5 3b The symbols **,*, (*) and - are used to indicate respective p-values 
< 19f. \-57f, 5-109Í and > 109?. The Optocom error is indicated in milli-
metres. 
It is seen that the statistical estimates of the standard deviation of the 
Optocom error (SQp) m table 5.la generally exceed the corresponding values 
in table 5.3b as well as the SQp values in tables 5. la through 5. Id. This is 
probably due to the fact that in labbit 6514 no-screen films were still used 
(section 2.3.1). The image unsharpness of these films is more marked than 
that of the lo-dose films. 
The question whether SQp also significantly depends on the distance consi-
dered, was also studied. According to the Friedman test, SQp depends 
significantly on the distance considered (p< IO-6). The Optocom errors in 
LAX, AMX and MJX are small in these rabbits, while those in LCy and MHy 
are relatively large. 
5.4 Sitmmarv 
1 The sources of error inherent to the measuring method can be identified 
as-
- fixation error 
- Optocom error 
The fixation error generally makes a significant contribution to the total 
error The fixation error usually exceeds the Optocom error. The fixation 
error is estimated not to exceed about 0.5 mm, while the Optocom error 
does not exceed about 0.3 mm; the total error is not more than about 0 6 
mm. 
2 The total measurement error in the two rabbits examined did not signifi-
cantly depend on the femur from which measurements were taken. 
3. In these two rabbits the total measurement error was generally small for 
distances MHX and MJX, and generally large for distances LCy and MHy. 
4. For most of the distances in the two rabbits examined, the Optocom error 
did not significantly depend on the rabbit's age. 
5 In these two rabbits the Optocom error was small for distances LAX, AMX 
and MJX, and relatively large for distances LCy and MHy. 
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CHAPTER 6 
THE INFLUENCE OF TRANSVERSE SECTION OF THE 
PERIOSTEUM ON FEMORAL GROWTH BEHAVIOUR 
6.1 Introduction 
The possible regulatory influence of the periosteum on the growth activity of 
the growth plates has already been discussed in section 1.1. This chapter 
discusses a study of growth changes after proximal, diaphyseal and distal 
transverse section of the periosteum of the rabbit femur. The objectives were 
to establish: 
1. whether transverse periosteal section has a stimulating effect on femoral 
longitudinal growth, and to which extent the site of section determines the 
stimulation of the individual growth plates; 
2. whether changed longitudinal growth activity is accompanied by changed 
transverse growth activity at the level of the growth plates; in other words, 
whether there is a correlation between transverse and longitudinal growth 
of a growth plate; 
3. whether transverse periosteal section also influences the longitudinal 
growth of the epiphysis. 
6.2 Material and methods 
The experiment was carried out with 21 rabbits, which were all operated on at 
an age of about 6 weeks, on the same day. One femur was submitted to 
transverse periosteal section, while the other served as control. The section 
was performed at a proximal, diaphyseal or distal level (section 2.2.3). The 
treatments were distributed as evenly as possible over the litters in order to 
ensure optimal elimination of litter influences. It was also ensured that 
treatments were given in varied order of sequence, to avoid predominance of 
one treatment at the start and of another at the end of the series. Also, 
treatments were distributed over left and right femurs as evenly as possible. 
Table 6.1 shows that these requirements were generally met, with the excep-























































Table 6 I Distribution of levels of section (proximal, diaphyseal, distal) over the litters and left 
and right femurs 
In each femur, one bone marker was introduced. In the treated femur this 
bone marker was placed in the centre of the section, to ensure that the level at 
which transverse section was carried out could later be determined. In the 
control femur, the bone marker was placed about halfway the diaphysis 
(section 2 2 3) Growth was radiological!y followed. After termination of the 
test period the radiographs were measured on a coordinate measuring table: 
the Optocom (section 2.3). With the aid of the age-independent reference 
system defined in section 3.3, the longitudinal distances CJX, LMX, LAX, 
AMX, LCX, LEX, MHX and MJX and the transverse distances BFy, GKy, 
LCy, LEy, MHy and MJy were then calculated (fig. 6.1). 
For longitudinal distances CJX, LMX, LAX and AMX and transverse distan-
ces BFy and LEy, the exponential growth model described in chapter 4 
proved to be satisfactory. The median of the maximal deviation observed 
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between measured values and functional values over the 34 femurs of the 17 
rabbits ultimately included in the experiment (section 6.3.1) is for: 
CJ X : 0.75 mm = about 2% of the growth over the test period. 
about 2% of the growth over the test period. 
about 4% of the growth over the test period. 
about 4% of the growth over the test period. 











0.46 mm about 18% of the growth over the test period. 
— y-oxis 
fig. 6 I Schematic drawing of the rabbit femur, indicating the measurement points described in 
section 2 3 2. The age-independent reference system has been drawn in this femur The x-axis 
coincides with line LM (centres of the proximal and the distal growth plate) The y-axis extends 
through point A and the projection of point A on the x-axis 
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When measured values of a given distance in the treated femur show 
relatively marked deviations from the exponential growth model, then the 
same applies to the measured values of this distance in the untreated femur 
These deviations do not systematically occur at certain ages in different 
rabbits Generally, therefore, these deviations do not indicate imperfections 
of the exponential growth model but rather suggest the possibility of transient 
growth disturbances Appendix I gives a graphic representation of the mea-
sured values and the fitted exponential growth curves of distances CJX, LMX, 
LAX, AMX. BFy and LEy of the untreated and the treated femur of rabbits 
7870, 7859 and 7864 (proximal, diaphyseal and distal transverse section, 
respectively) Since the observed deviations from the exponential growth 
curve were of the same order of magnitude as the total measurement error 
(not more than about 0 6 mm; section 5 3). it seems entirely justifiable to 
represent the growth of distances CJX, LMX, LAX, AMX, BFy and LEy by 
means of the fitted exponential growth curve. For these distances, the 
half-life (T, ;.), growth from start to end of the test period (Gw) , asymptotic 
total growth (G) and initial growth velocity (V0) of the treated femur were 
compared with those of the untreated femur. 
For distances GKy, LCX, LCy, LEX, MHX, MHy, MJxand MJy, fitting of an 
exponential curve or of a straight line proved not to be possible with sufficient 
accuracy All these are small distances with little growth, so that inaccuracies 
of measurement play a relatively important role. Moreover, the relative error 
in these distances was usually larger than that in the distances for which 
fitting of an exponential growth curve succeeded, this is a consequence of the 
use of the chosen reference system (section 3.4). For these two rea-
sons, a study of growth over intervals of only two weeks makes little 
sense. For these distances we confined ourselves to a study of total growth 
over the periods 6-20 weeks of age and 18-36 weeks of age The start of the 
second interval was set before the end of the first in order to avoid depen-
dence of errors in a common measurement point 
With the aid of the two-sample test of Welch, Student's t-test for paired 
observations and one-way analysis of variance (section 2.3 3), the signifi-
cance of the effect and the influence of the level of transverse periosteal 
section was studied. 
6.3 Results 
6.3.1 General results 
Of the 21 rabbits, 3 died in the course of the experiment (at age 12,16 and 24 
weeks, respectively). The postmortem revealed pneumonia in 2 and inflam-
mation of the small intestine and the appendix in 1 of these rabbits (which 
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were excluded from further analysis). A study of the radiograph series of 
rabbit 7853 (distal transverse periosteal section of right femur) revealed 
unmistakable curvation of the femur distal to the level of section; the bone 
marker in this femur, moreover, had evidently moved (fig. 6.2). Because of 
these facts it was impossible to define a reliable age-independent reference 
system in this case; this animal was therefore also excluded. 
fig. 6.2. Two radiographs of the right femur of rabbit 7853 (age 6,36 weeks). The radiograph on 
the right shows the bone marker situated outside the cortex, and unmistakable curvature of the 
distal right femur. 
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In the 17 remaining rabbits the bone markers showed no visible tilting but 
most markers were localized slightly deeper in the cortex at the end of the 
experiment, due to external remodeling As pointed out in section 3 3, this 
does not influence the accuracy of determination of an age-independent 
reference system A proximal transverse periosteal section was performed in 
7, a diaphyseal one in 5 and a distal one in 5 of these animals. On the side of 
the section the bone marker was placed in the centre of the section The 
position of the bone marker, the level of transverse periosteal section, was 
determined from the first radiograph. For each femur, the value of the 
distance between the centre of the lateral proximal and that of the centre of 
the lateral distal growth plate (distance BK) was set at 100 (fig 6 \). The 
distance between point A (centre lateral end bone marker), the level of 
transverse periosteal section, and point B, the proximal growth plate, is then 
AB 
- g ^ χ 100%. 





















































Table 6 2 
Level of TPS = level of transverse periosteal section 
Position bone marker (% ) = position of bone marker (point A) from lateral proximal growth plate 
(point B) in percents 
Average (%) — average position of bone marker per level of section in percents 
sd (%) = standard deviation from average position of bone marker per level of section in 
percents 
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Table 6.2 shows the position of the bone marker in relation to the proximal 
growth plate per rabbit, the mean level of transverse periosteal section per 
group treated, and the standard deviation of the mean per group treated. The 
distances between the proximal, diaphyseal and distal sections and the 
proximal growth plate averaged 33.3% (sd 3.3%), 61.1% (sd 5.5%) and 86.3% 
(sd 0.9%) of the abovementioned set value. The diaphyseal transverse pe­
riosteal section showed the largest variation, and the distal transverse perios­
teal section showed the smallest. 
The operations were not always performed at the exact age of 6 weeks, and 
the radiographs were not always taken exactly every 14 days and, after 24 
weeks, every 4 weeks. Exigencies of organization made this impossible. 
Appendix II lists the age at operation and at radiography of the 17 animals 
included in the experiment. The mean age at operation was 6.57 weeks (sd 
0.11 weeks). The growth period studied was 30.14 weeks (30 weeks and 1 
day) for all animals. One-way analysis of variance was applied in order to 
establish whether the different treatment groups showed significant differen­
ces in age at operation; no such differences were found. For the sake of 
convenience we refer to an age at operation of about 6 weeks and to radio­
graphs taken every 14 days until 24 weeks, and every 4 weeks from 24 to 36 
weeks. 
The average weight of the test rabbits at the time of operation was 1121 g (sd 
141 g). Using one-way analysis of variance it can be established whether 
weight at time of operation showed significant differences between the diffe­
rent treatment groups: no significant differences were found. For the indivi­
dual body weights at time of operation we refer to column 1 in Appendix III. 
In the untreated femurs the individual growth contributions of the proximal 
and the distal growth plate were studied over the growth period of 30.14 
weeks. The growth contribution of the distal growth plate is defined as: 
Growth of AMv over the growth period studied 
χ 100% 
Growth of LM X over the growth period studied 
The growth contribution of the distal growth plate averaged 66.2% (sd 1.6%) 
of total growth over the period studied. In the rabbit strain used, therefore, 
the distal growth plate accounted for about two-thirds and the prominal 
growth plate for about one-third of total growth over the period studied. 
6.3.2 Results for distances to which an exponential growth model can be 
fitted 
Of the longitudinal distances CJ X LM X , LAX and AMX and the transverse 
distances BF V and LEy (Fig.6.1), the half-life (T1/2), growth from start to end of 
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the experiment according to the fitted exponential curve ( G
w
) , asymptotic 
total growth (G) and initial growth velocity (V0) of the treated femur were 
compared with those of the untreated femur. By applying the Welch two-
sample test to the calculated parameter values and their standard deviations, 
it was established per rabbit whether an effect was demonstrable and whether 
this was negative or positive. An effect was considered positive if the para­
meter in question was larger on the side of transverse periosteal section than 
in the untreated femur. It was considered negative if the former was smaller 


























































































































































































































Table 6.3 Results of testing the difference in values of the parameters T|/2, G
w
, G and V0 
between treated and untreated femur per rabbit (Welch two-sample test applied to calculated 
values and their standard deviations). 
TPS = transverse periosteal section 
ns = not significant (p>0.1) 
(x) = indication of significance (0.05 < p < 0.1) 
χ = significant (0.01 < p ^ 0.05) 
xx = highly significant ( p < 0.01) 
The sign ( + or - ) indicates the direction of the effect of treatment on the parameter considered. 
76 
In all animals, transverse section of the periosteum had a positive effect on 
the growth of distances ΟΙχ (total length of femur) and LMX (distance 
between the growth plates), both total growth within the period studied (G
w
) 
and asymptotic growth (G). For both distances the initial growth velocity 
( V0) of the treated femur exceeded that of the untreated femur in all cases. 
After proximal and diaphyseal transverse periosteal section, all animals 
showed a positive effect on G
w
 and G of the distance AMX (distal growth 
plate). Distal transverse periosteal section always had a positive effect on G
w 
and G of distance LAX (proximal growth plate). In all rabbits transverse 
periosteal section had a positive effect on the initial growth velocity (V0) of 
BF y Lhy 
Pro« 
TPS 
D u p h 
TPS 
Dist 






































































































































































































































With a positive sign, the parameter of the treated femur is larger 
ΤΊ/2 = time at which, according to the Fitted curve, half the total growth is achieved. 
G
w
 = growth from start to end of the experiment (growth in 30.14 weeks) = length according to 
the fitted curve at time of final measurement minus length according to fitted curve at first 
measurement 
G = asymptotic total growth = ultimate length according to fitted curve minus length at start of 
experiment according to fitted curve. 
V 0 = growth velocity according to fitted curve at start of experiment. 
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distance LAX (proximal growth plate) Distal transverse section always had a 
negative effect on G
w
 of distance LEy. 
Student's t-test for paired observations was applied to establish the effect on 
parameters Τ,,ι, G
w
, G and V0 of the exponential growth curve of the 
longitudinal distances CJ X , LM X , LAX and AMX and the transverse distances 
BFy and LEy per level of section (proximal, diaphyseal and distal). The 
results are presented in table 6.4. 
Proximal transverse periosteal section had a highly significant positive effect 
on G
w
 and G of distances CJ X , LM X and AM X ; it had no significant effect on 
G
w
 and G of distance L \
x
, although this effect was positive. During the 
growth period studied the mean gain in length ( G
w
 treated - G
w
 untreated) 
after proximal transverse periosteal section was for distance 
CJ X · 1 906 mm,(sd 0.735) 
LM X : 1 945 mm (sd 0.513) 
LAX · 0 438 mm (sd 0.623) 
AMX· 1 524 mm (sd 0.787). 
Diaphyseal transverse periosteal section had a highly significant positive 
effect on G
w
 and G of distances CJ X . LM x and AMX . There was an indication 
of a significant positive effect on G
w
 and G of distance LAX. During the 





after diaphyseal transverse periosteal section was for distance 
CJ X . I 867 mm (sd 0.722) 
LM X · 2 049 mm (sd 0.785) 
LAX : 0 722 mm (sd 0 622) 
AMX. 1.341 mm (sd 0.537). 
Distal transverse periosteal section had a significant positive effect on G
w 
and G of distances CJ X , LM X and LAX; it had no significant effect on G w and 
G of distance AM X , but the effect was positive. During the growth period 
studied the mean gain in length ( G
w
 treated - G
w
 untreated) after distal 
transverse periosteal section was for distance 
CJ X : 1.712 mm(sd 0.976) 
L M X : 1.658 mm(sd 0 900) 
L A X : 0.859 mm (sd 0.476) 
AMX : 0.805 mm (sd 1 050) 
For gain in length ( G
w
 treated - G
w
 untreated) per rabbit during the growth 
period studied, we referto column G
w
 of the distances CJ X , LM X , LAX and 
AMX m Appendix III. The level of transverse periosteal section exerted no 
distinct influence on the ultimate total gain in length (CJX). After proximal 
transverse periosteal section the largest mean gain in length was supplied by 
the distal growth plate (AMX). After distal transverse periostea] section, both 
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Table 6 4 Results of testing the treatment effect per level of section by means of Student's t-test 
for paired observations 
η = number of rabbits to which the test was applied 
sign = significance 
η s = not significant (p > 0 1) 
(x) = indication of significance (0 05 < р ^ 0 I) 
χ = significant (0 01 < ρ ^ 0 05) 
xx = highly significant ( p < 0 01) 
dir = direction of the effect of treatment on the parameter considered + = the parameter of the 
treated femur is larger - = the parameter of the untreated femur is larger 
Ύ\ΐι = time at which, according tot the fitted curve, half the total growth is achieved 
G w = growth from start to end of experiment (growth in 30 14 weeks) = length according to the 
fitted curve at time of final measurement minus length according to fitted curve at first measure­
ment 
G = asymptotic total growth = ultimate length according to fitted curve minus length at start of 
experiment according to fitted curve 
VQ = growth velocity according to fitted curve at start of experiment 
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After proximal transverse periosteal section the ratio of the mean extra 
growth contribution of the proximal to that of the distal growth plate was 
0.438:1.524 к 1:3 5 After diaphyseal section this ratio was 0.722 : 1.341 
ss 1 : 1.9, and after distal section it was 0.859 : 0.805 ss l . M . 
For the transverse distances BFy and LEy, there were no significant effects 
on the parameters of the exponential growth model considered. 
One-way analysis of variance was used to establish whether the level of 
transverse periosteal section had a significant effect on the growth of the 
distances studied. The relatively large standard deviations made it impossi­
ble to demonstrate significant differences between the level of section and the 
degree of overgrowth (gain in length). 
For distances LAX (proximal growth plate) and AMX (distal growth plate), 
finally, the signs of the differences in T 1 / :, G and V 0 between treated and 
untreated femur (appendix III) were used in order to establish the relative 
courses of the exponential growth curves of the treated and the untreated 
femur (chapter 4, table 4.1 and figures 4.9 through 4 14) after proximal, 
diaphyseal and distal transverse periosteal section. It was assumed that in 
untreated femurs the growth curves of the proximal and the distal growth 
plate of the left and right femur take a similar course The results for the 
proximal growth plate (LAX) are presented in table 6.5a, and those for the 
distal growth plate (AMX) in table 6 5b. A distinction is made between 
divergent and convergent growth curves. 
Divergent growth curves diverge from the time of operation and continue to 
do so (figures 4.9, 4.10 and 4.14). Incases in which the initial velocity (V0) of 
the growth plate studied in the treated femur equals or exceeds that in the 
untreated femur, this means that the growth velocity of this growth plate in 
the treated femur continues to increase in relation to thai of the growth plate 
in the untreated femur In these cases transverse section of the periosteum 
has a lasting stimulating effect on the growth velocity of the growth plate in 
question. If the initial velocity of thegrowth plate studied in the treated femur 
is equal to or less than that of the growth plate in the untreated femur, then the 
reverse applies (figures 4.9,4.10 and 4.14, exchange indices I and 2). In these 
cases transverse section of the periosteum has a lasting inhibitory effect on 
the growth velocity of the growth plate in question. 
Convergent growth curves diverge until a moment at which the distance 
between the curves reaches a maximum (moment of maximal distance), 
whereupon the curves converge and may eventually intersect (figures 4.11, 
4.12 and 4 13). In cases m which the initial velocity (V0) of the growth plate 
studied in the trated femur exceeds that of the growth plate in the untreated 
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femur, this means that the growth velocity of this growth plate in the treated 
femur increases in relation to that of the growth plate in the untreated femur 
until the moment of maximal distance, equals that of the latter growth plate at 
the moment of maximal distance, and decreases in relation to that of the latter 
growth plate after the moment of maximal distance. In these cases transverse 
section of the periosteum has a stimulating effect until the moment of maxi-
mal distance, and subsequently has an inhibitory effect on the growth velo-
city of the growth plate in question. If the initial velocity of the growth plate 
studied in the treated femur is less than that of the growth plate in the 
untreated femur, then the reverse applies (figures 4.11, 4.12 and 4.13, ex-
change indices I and 2). In these cases transverse section of the periosteum 
has an inhibitory effect until the moment of maximal distance, and subse-
quently a stimulating effect on the growth velocity of the growth plate in 
question. 
If the moment of maximal distance occurs 30.14 weeks after the start of the 
experiment, i.e. at a rabbit age exceeding 36.57 - 36.86 weeks, then it no 
longer has any real significance because it is not within the growth period 
studied. In such cases the growth curves diverge during the period studied 
and transverse section of the periosteum depending on the initial velocity, 
has a lasting stimulating effect or inhibitory effect on the growth velocity of 
the growth plate involved during the period studied. 
In five cases the initial velocity (V0) of the distal growth plate (AMX) of the 
treated femur was less than that of the same growth plate in the untreated 
femur, and the growth curves converged. In four cases the curves intersected 
after the moment of maximal distance, and diverged after the intersection 
(fig. 4.13, exchange indices I and 2). After the moment of maximal distance 
(which always occured early), the growth velocity of the distal growth plate 
in the treated femur continued to increase in relation to that of the growth 
plate in the untreated femur. This means that transverse section of the 
periosteum had a brief transient inhibitory effect and, after the moment of 
maximal distance, a lasting stimulating effect on the distal growth plate. The 
brief inhibitory effect is probably due to the influence of the operation. In 
fact, three of the four cases showed a lasting stimulating effect on the distal 
growth plate almost immediately after the operation. In one case the growth 
curve of the distal growth plate in the treated femur continued to take a 
course below that of the growth plate in the untreated femur (rabbit 7857, fig. 
4.11, indices 1 and 2 exchanged). Before the moment of maximal distance the 
growth velocity of the distal growth plate in the treated femur was less than 
that of the growth plate in the untreated femur, but after this moment the 
former exceeded the latter. This means that transverse section of the perios-
teum initially had an inhibitory but, after the moment of maximal distance, a 
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dunng growth pern 
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st - inh 
St 
st - inh 
st - inh 
st - inh 
st - inh 
st - inh 
st - inh 
st - inh 
st 
st - inh 
st - inh 
st 
st 
st - inh 
st - inh 
st 
Legend tables 6.5a and 6.5b 
prox TPS = proximal transverse periosteal section 
diaph. TPS = diaphyseal transverse periosteal section 
dist. TPS = distal transverse periosteal section 
T|/2 = half-hfe 
G = asymptotic total growth 
V 0 = initial growth velocity 
+ = treated > untreated 
- = treated < untreated 
Fig no. refers to figs. 4.9 through 4.14 in chapter 4 and indicates how in that case the growth 
curves of treated and untreated femur were related (λ, and λ ; are the growth curves of the 
untreated and the treated femur, respectively). In figures marked with an asterisk, indices 1 and 2 
have been exchanged. 
Mom. max dist. = moment of maximal distance m weeks from birth. 
Age at intersection = age at which growth curves intersect in weeks from birth. 
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Effect on growth vel­
ocity of treated femu 
during growth penod 
studied 
st 
st after mmd 
st 
st 
st after mmd 
st 
st 
st after mmd 
s t - inh 
st after mmd 
st 
s t- inh 
st 
inh - st after mmd 
st - inh 
st - inh 
st - mh 
Divergent = growth curves diverge from start to end (36 57 - 36 86 weeks) of the expenment. 
Convergent = growth curves diverge until they reach a maximal distance, wereupon they 
converge and, sometimes, eventually intersect. 
st = stimulation of growth velocity of treated femur as compared with control, from start to end 
of experiment. 
st after mmd = stimulation of growth velocity of treated femur as compared with control, after 
moment of maximal distance. 
st- inh = initial stimulation and, after moment of maximal distance, inhibition of growth velocity 
of treated femur as compared with control 
inh - st = initial inhibition and, after moment of maximal distance, stimulation of growth velocity 
of treated femur as compared with control. 
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stimulating effect on the distal growth plate in the treated femur. 
- During the growth period studied after proximal transverse periosteal 
section, six of the seven cases showed mtitial stimulation and, after the 
moment of maximal distance, inhibition of the growth velocity of the proxi-
mal growth plate as compared with the control growth plate. The moment of 
maximal distance occurred after an average of 15.8 weeks (sd 4 3). In one 
case there was a lasting stimulating effect on the growth velocity of the 
proximal growth plate 
- During the growth period studied after proximal transverse periosteal 
section, five of the seven cases showed a lasting stimulating effect on the 
growth velocity of the distal growth plate as compared with the control 
growth plate In two cases there was a lasting stimulating effect on the growth 
velocity of the distal growth plate after the moment of maximal distance, 
which occurred early (age 12 7 and age 7.1 weeks, respectively). 
- After proximal transverse periosteal section, initial stimulation was follo-
wed by inhibition of the growth velocity of the proximal growth plate and 
lasting stimulation of the growth velocity of the distal growth plate as compa-
red with the control growth plate. 
- During the growth period studied after diaphyseal periosteal section, four 
of the five cases showed initial stimulation and, after the moment of maximal 
distance, inhibition of the growth velocity of the proximal growth plate as 
compared with the control growth plate. The moment of maximal distance 
occurred after an average of 18 5 weeks (sd 6 8). A lasting stimulating effect 
on the growth velocity of the proximal growth plate was observed in one 
case 
- During the growth period studied after diaphyseal transverse periosteal 
section, one case showed a lasting stimulating effect on the growth velocity of 
the distal growth plate as compared with the control growth plate. Two cases 
showed a lasting stimulating effect on the growth velocity of the distal growth 
plate after the moment of maximal distance, which occurred early (at age 7.9 
and age 8 1 weeks, respectively). Two cases showed initial stimulation and, 
after the moment of maximal distance, inhibition of the growth velocity of the 
distal growth plate. The moment of maximal distance occurred after an 
average of 28.6 weeks (sd 0.6). 
- The predominant observation after diaphyseal transverse periosteal sec-
tion was initial stimulation followed by inhibition of the growth velocity of the 
proximal growth plate, and lasting stimulation of the growth velocity of the 
distal growth plate as compared with the control growth plate. 
- During the growth period studied after distal transverse periosteal section, 
three cases showed a lasting stimulating effect on the growth velocity of the 
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proximal growth plate as compared with the control growth plate. Two cases 
showed initial stimulation and, after the moment of maximal distance, inhibi-
tion of the growth velocity of the proximal growth plate. The moment of 
maximal distance occurred after 14.5 and 30.6 weeks, respectively. 
- During the growth period studied after distal transverse periosteal section, 
three cases showed initial stimulation and, after the moment of maximal 
distance, inhibition of the growth velocity of the distal growth plate as 
compared with the control growth plate. The moment of maximal distance 
occurred after an average of 18.8 weeks (sd 6.5). One case showed a lasting 
stimulating effect on the growth velocity of the distal growth plate. Another 
case showed initial inhibition and, after the moment of maximal distance 
(17.9 weeks), lasting stimulation of the growth velocity of the distal growth 
plate. 
- The predominant observation after distal transverse periosteal section was 
lasting stimulation of the growth velocity of the proximal growth plate and 
initial stimulation followed by inhibition of the growth velocity of the distal 
growth plate as compared with the control growth plate. 
Appendix IV gives graphic representations of the exponential growth curves 
of the distances LAX (proximal growth plate) and AMX (distal growth plate) 
in the treated and the untreated femur of rabbits 7870, 7859 and 7864, which 
were treated by proximal, diaphyseal and distal transverse periosteal sec-
tion, respectively. 
6.3.3 Results for distances to which an exponential growth model cannot be 
fitted 
These are the longitudinal distances LCX , LEX , MHX and MJX and the 
transverse distances GKy, LCy, MHy and MJy. The growth of these distan-
ces was studied over the periods 6-20weeks and 18-36weeks. With the aid of 
Student's t-test for paired observations, no significant differences were 
found between the treated and untreated femurs within the treatment groups. 
The one-way analysis of variance did not show any significant difference 
between treatment groups. For individual growth differences during the two 
growth periods studied we refer to appendix V. 
6.3.4 Summary of results 
- The three treatments - proximal, diaphyseal and distal transverse section 
of the periosteum - were carried out at 33.3%, 61.1% and 86.3%, respecti-
vely, of the standardized distance from the proximal growth plate. 
- During the growth period studied, the ratio between the normal contribu-
tion to longitudinal growth of the proximal growth plate to that of the distal 
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growth plate was 1 : 2. 
- In all ammab, transverse periosteal section had a positive effect on G w , G 
and V0 of the distances CJX (total length of femur) and LMX (total femoral 
length between growth plates) 
- During the growth period studied, distance CJX in the treated femur grew 
an average of 1.7 - 1.9 mm longer than that in the untreated femur, and 
distance LMX grew an average of 1 7 - 2.0 mm longer. No significant 
differences were demonstrable between the different levels of section. 
- After proximal transverse periosteal section, the effect on G w and G of 
distance LAX (proximal growth plate) was positive in five and negative in 
two cases as compared with the control growth plate. All cases showed a 
positive effect on G w and G of distance AMX (distal growth plate). The 
overgrowth of the proximal growth plate averaged 0 4 mm, and that of the 
distal growth plate averaged 1.5 mm (ratio 1 : 3.5). 
- After diaphyseal transverse periosteal section, the effect on G w and G of 
d'Stance LAX was positive in four and negative in one case as compared 
with the control growth plate. All cases showed a positive effect on G w and 
G of distance AMX The overgrowth of the proximal growth plate averaged 
0 7 mm, and that of the distal growth plate averaged 1.3 mm (ratio 1 : 1.9). 
- After distal transverse periosteal section, all cases showed a positive effect 
on G w and G of distance LAX as compared with the control growth plate. 
Four cases showed a positive effect on G w and three showed a positive 
effect on G of distance AMX. A negative effect on G w was observed in one 
case, and a negative effect on G in two cases. The overgrowth of the 
proximal growth plate averaged 0.9 mm, and that of the distal growth plate 
averaged 0.8 mm (ratio 1 1 : 1 ) 
- After proximal transverse periosteal section there was initial stimulation 
and, after the moment of maximal distance, inhibition of the growth velo-
city of the proximal growth plate, and lasting stimulation of the growth 
velocity of the distal growth plate as compared with the control growth 
plate during the period studied. 
- The predominant observation after diaphyseal transverse periosteal sec-
tion was initial stimulation followed by inhibition of the growth velocity of 
the proximal growth plate and lasting stimulation of the growth velocity of 
the distal growth plate as compared with the control growth plate during 
the period studied. 
- T h e predominant observation after distal transverse periosteal section was 
lasting stimulation of the growth velocity of the proximal growth plate and 
initial stimulation followed by inhibition of the growth velocity of the distal 
growth plate as compared with the control growth plate during the period 
studied. 
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- After transverse periosteal section there were no demonstrable changes in 
transverse growth activity of the growth plates or in longitudinal growth 
activity of the epiphyses. 
6.4 Discussion 
The study of the influences of the level of transverse periosteal section on the 
growth of the rabbit femur revealed the following facts. 
The level of section hardly (if at all) determined the degree of stimulation of 
the total longitudinal growth of the femur. 
There were unmistakable indications that, dependent on the level of section, 
one growth plate contributed more to overgrowth than the other. If both 
growth plates were subject to the same degree of stimulation after transverse 
periosteal section, then the proximal and the distal growth plate would 
account for one-third (33%) and two-thirds (67%) of the overgrowth, respec-
tively. After proximal section, the proximal growth plate averaged about 
two-ninths (22%) and the distal growth plate about seven-ninths (78%). The 
corresponding average contributions after diaphyseal section were one-third 
(33%) and two-thirds (67%), and those after distal section were one-half 
(50%) and one-half (50%). Considering the normal growth contribution of the 
growth plates, we find that overgrowth was contributed chiefly by the growth 
plate furthest from the level of section. Obviously, these are merely tenden-
cies because the smallness of the overgrowth and the relatively large stan-
dard deviations made it impossible to demonstrate a distinct correlation by 
one-way analysis of variance. 
Another finding was that, after proximal and distal transverse periosteal 
section (but more evidently after proximal section), the growth velocity of 
the growth plate nearest to the level of section was initially stimulated and 
subsequently inhibited as compared with the control growth plate. Since the 
moment of maximal distance between the growth curves of treated and 
untreated femur was usually reached late in the course of the growth period 
studied, intersection of the curves was usually not observed and G w treated 
remained larger than G w untreated (table 6.3). After proximal and distal 
section (but more evidently after proximal section), the growth velocity of 
the more distant growth plate was lastingly stimulated. 
The above described indications or tendencies are largely in agreement with 
the observations of Crilly (1972), although the total overgrowth of the rabbit 
femur was much less than that of the chicken radius. For the rabbit femur, 
moreover, it was not demonstrated that the growth plate nearest to the level 
of section ultimately contributed less to total longitudinal growth than the 
control growth plate. This may have been due to differences in age at 
operation and differences in growth behaviour between the rabbit femur and 
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the chicken radius The possibility that the growth curves of the growth plate 
near the level of section in the treated and the corresponding growth plate in 
the untreated femur intersect after operation at an early age, seems plausible 
because in that case the moment of maximal distance would probably occur 
much earlier; consequently inhibition of the growth velocity in the second 
phase would be sufficiently protracted to make the ultimate contribution of 
the growth plate in the treated femur to longitudinal growth smaller than that 
of the control growth plate 
With the method used, no changes in transv erse growth activity of the growth 
plate or in longitudinal growth activity of the epiphysis were demonstrable 
after transverse periosteal section. 
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CHAPTER 7 
THE STRUCTURE OF THE PERIOSTEUM 
A histological study of changes in the structure of the periosteum during 
growth of the untreated femur and after transverse periosteal section. 
7.1 Introduction 
7.1.1 Structure of the periosteum 
The periosteum can be regarded as a limiting membrane which surrounds 
bony structures. This membrane contains cells involved in the production 
and degradation of bone as well as the precursors of these cells. In the 
literature, the periosteum is generally described as consisting of two layers. 
Kolliker ( 1859) and Black ( 1886, 1887) distinguished an outer layer of connec-
tive tissue and an inner layer of delicate elastic fibres. Both authors did not 
regard the osteoblast layer which is closely connected with the inner layer of 
elastic fibres, as part of the periosteum. Schour (1960) largely adopted 
Black's description of the periosteum but considered the osteoblasts to be 
part of the periosteum. 
The fibrous layer of the periosteum consists of collagen fibres, which vary 
widely in thickness and course. It is generally stated that the fibrous perios-
teum is thicker and stronger at sites where the bone reaches the surface (i.e. 
where it lies immediately beneath the skin). The femur, which is well-
covered with muscle, has a thin fibrous periosteum. The bundles of fibres are 
thin, and the majority are arranged parallel to the length of the bone. At the 
end of long bones the outer fibres of the fibrous layer continue in the 
perichondrium, which in turn continues in the capsule of the joint. The inner 
fibres of the fibrous layer are anchored in the bone at this site, and from this 
site on continue as Sharpey's fibres. 
Tonna (1974) presented the following description of the submicroscopic 
structure of the periosteum of the long bones in mice. 
The fibrous layer consisted of numerous fibroblastic cells separated by large 
collagen bundles through which ran numerous, usually parallel, but much 
smaller bundles of elastic fibres of varying size. The collagen bundles were 
arranged along the length of the bone. At the perichondral region, the fibrous 
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periosteum was extremely thick and its collagen bundles were arranged in 
lamellae running in various directions, forming a plywood-like construction. 
In older mice, a number of unmistakable changes were observed in the 
fibrous layer of the periosteum: 
1. the elastic fibres showed increased electron density, possibly indicating 
reduced elasticity; 
2. the collagen fibres were thicker; 
3. the number of cells diminished; 
4. the fibroblasts showed conversion to fibrocytes. 
Tonna divided the osteogenic layer of the periosteum in the diaphyseal region 
in young mice into three sublayers: 
1. the precursor cells found among the collagen fibres and elastic fibres; 
2. the differentiating osteoblasts; 
3. the active osteoblasts. 
The collagen fibres and elastic fibres were much thinner and less electron-
dense in the osteogenic layer, and their orientation differed from those in the 
fibrous layer. Both fibre types seemed to continue in the bone and, instead of 
being arranged parallel to the bone, formed a connection between the fibrous 
periosteum and the bone. At an early age, osteoclasts occurred especially in 
the metaphyseal and perichondral regions. Besides fibres and osteogenic 
cells, the osteogenic layer also comprised capillaries and elements of the 
nervous system. The osteogenic layer was also subject to changes in the 
course of ageing. The number of osteoblasts and pre-osteoblasts per unit of 
surface area decreased, and reduction of the amount of cytoplasm was 
demonstrable in all cell types in the osteogenic layer. These cytoplasmic 
changes were most pronounced in the osteoblasts: a significant reduction in 
the number of mitochondria, a reduced amount of rough endoplasmic reticu-
lum (RER) and number of Golgi vesicles. At an even more advanced age 
(12-18 months) the cells on the bone surface resembled fibrocytes and no 
longer showed an extensive RER. 
However, Tonna believed that cells of the periosteum in aged mice could still 
differentiate to active osteoblasts if necessary (e.g. in the case of a fracture). 
In other words: degeneration of osteogenic cells in the periosteum as a result 
of ageing of the organism never continues until (re)differentiation to active 
osteoblasts becomes impossible. Tonna also believed that there is a distinct 
separation between the cells of the fibrous layer and those of the osteogenic 
layer: he assumed that no (undifferentiated) cells can be transferred from the 
fibrous layer to the osteogenic layer of the periosteum. He therefore associa-
ted the division of the periosteum into structural units with a functional 
division. 
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7.1.2 Vascularization of the periosteum 
The periosteal vessels are branches of vessels from the soft tissues which 
form a network around the bone in the fibrous layer of the periosteum. This 
network gives rise to a capillary network in the osteogenic layer. This 
capillary network is in direct contact with the bone surface and communica-
tes with the cortical vascularization (Brookes 1971). In areas of muscle and 
fascial attachments periosteal arterioles enter and venules leave the diaphy-
seal cortex (Rhinelander 1972). 
7.1.3 Growth of the periosteum 
The periosteum of a long bone is anchored to the two epiphyses which, as a 
result of the activity of the growth plates, are driven apart (Lacroix 1951). 
With reference to the increase in length of the periosteum, Lacroix maintain-
ed, 'two hypotheses may be entertained': 
1. either, as many authors still believe, the periosteum models its growth on 
that of other elements of the bone of which it forms an integral part and 
elongates solely at the level of the epiphyseal cartilage; 
2. or it is drawn out uniformly throughout its length. 
Both from the study of Warwick and Wiles (1934), who made Indian ink 
marks on the periosteum of a rabbit tibia and measured the changes in the 
relative position of the marks after a certain interval, and from his own 
observations on a calf s metacarpal bone into which he introduced a nail and 
metal periosteal markers, Lacroix (1951) concluded that the longitudinal 
growth of the periosteum is evenly distributed over the entire periosteal 
surface instead of confined to the epiphyseal areas. Lacroix believed that the 
periosteum grows, while yielding to a traction imposed upon it, by stretching 
over its whole extent. He maintained that the periosteum can be regarded as a 
fibro-elastic membrane. 
Theunissen(1973) demonstrated that the increase in length of the periosteum 
does not result from an evenly distributed increase in length of all its parts. 
He concluded that the fibrous periosteum is elongated by unequal stretching 
combined with unequal interstitial growth. 
Little is known as yet of the mechanical properties of the periosteum and 
possible changes in these properties during growth. Sebek et al. (1972) 
determined the maximal tensile strength of the periosteum of bovine tibiae. 
They found that the maximal tensile strength along the length of the long bone 
is smallest at the centre of the diaphysis, and increases towards the growth 
plates. The same applies to transverse tensile strength. It is particularly at the 
level of the metaphyses that the periosteum has considerable tensile strength. 
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7.1 4 Purpose of the histologual study 
The purpose of this histological study was to establish which structural 
changes occur in the periosteum during the growth of the long bone. An 
additional purpose was to study the course of the process of regeneration 
after transverse periosteal section, with special reference to regeneration 
time, structure of regenerated tissue and changes in the structure of the 
regenerated area and of areas at a distance from the level of section during 
growth. 
7.2 Material and methods 
Thirty 6-week-old rabbits were used for the histological study; transverse 
periosteal section of the right femur was performed in 20 animals, and in the 
remaining 10 a sham operation was performed on the right femur. Inali cases 
the left femur served as control The animals treated by transverse periosteal 
section were sacrificed on day 0, 2, 5, 9, 20, 28, 40, 56, 71 and 84 after the 
operation; those submitted to a sham operation were sacrificed on day 0, 2, 5, 
9 and 20, after the operation As far as possible, the transverse periosteal 
section was done in the middle of the diaphysis. After fixation of the femur 
the area of the operation and its immediate vicinity was resected. The 
resected specimen was decalcified, embedded, sectioned and stained as 
indicated in section 2.4 
7.3 Observations 
7.3 I Periosteal dianges during femoral growth 
Changes in the periosteum during femoral growth were studied in the untrea-
ted femurs. On day 0. the day of operation, many elastic fibres were visible in 
the fibrous layer of the periosteum (fig. 7 1). On days 5 and 9 after operation 
there was no observable change in the histological features of the periosteum. 
Unmistakable changes occured from day 24 to day 84. The number of elastic 
fibres gradually decreased (fig. 7.2 and 7.3), and the fibrous as well as the 
osteogenic layer became gradually thinner. No differences were observed 
between the sham-operated femurs and the control femurs, which indicates 
that the sham operation apparently exerted no influence on the periosteum. 
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fìg. 7.1. Sagittal section through a control femur on day 0. Weigert - Van Gieson elastin stain. 
x 80. 
fig. 7.2. Sagittal section through a control femur on day 28. Weigert - Van Gieson elastin stain, 
χ 80. 
fig. 7.3. Sagittal section through a control femur on day 84. Weigert - Van Gieson elastin stain, 
χ 80. 
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7.3.2 Periosteal regeneration after transverse section 
At the site of periosteal section, only sporadic cells of the osteogenic layer 
were observed immediately after operation (fig. 7.4). At the periphery of the 
site of section the fibrous periosteum was about 2.5 times as thick as that in 
the control femur, but 5 mm away from the site of section the fibrous 
periosteum had its normal thickness. Starting from the bone surface, the 
fibres in the osteogenic layer were oriented away from the site of section; in 
other words: it seemed as if the periosteum had retracted or had been 
retracted from the site of section. On days 2 and 5, unmistakable ingrowth of 
fibres and blood vessels was visible at the site of section, but the fibres 
showed no distinct orientation (fig. 7.5). On day 5 there were unmistakable 
changes in the untreated part of the periosteum of the treated femur. Both the 
fibrous and the osteogenic layer had become thicker. Immediately next to the 
site of section the fibrous and the osteogenic layer were decidedly thicker as 
compared with the control femur (fig. 7.6). The thickening of the osteogenic 
and the fibrous layer decreased gradually from the site of section, and 7 mm 
from the site of section the thickness was the same as that in the control 
femur. At this level the composition was also the same as that in the control 
femur, and the large number of elastic fibres was readily identifiable. The 
periosteal thickening next to the site of section was still quite evident on day 
9. At that time the fibres at the site of section began to be oriented along the 
length of the bone (fig. 7.7). On day 20, a fibrous periosteum was again 
discernible over the site of section, with collagen fibres oriented parallel to 
the bone surface (fig. 7.8). Both the osteogenic and the fibrous layer showed 
thickening on day 20 (fig. 7.8). The regenerated part of the periosteum 
remained thicker than the periosteum on either side of the site of section until 
day 84 (fig. 7.9). Periosteal regeneration proved to involve various remarka-
ble phenomena. To begin with, no elastic fibres were demonstrable in the 
regenerated area even after 84 days (fig. 7.9). Moreover, the length of this 
elastin-free zone proved to remain about constant from day 28 to day 84 
(about 12 mm). At a distance of about 8 mm from the site of section, the 
fibrous periosteum of the treated femur could be compared with that of the 
control femur from day 56 on, apart from the fact that the former contained 
more elastic fibres. On day 84, the number of elastic fibres was roughly 
comparable with that in the control femur on day 0<fig. 7.10). Moreover, the 
periosteum was thicker than that of the control femur. Polarization micro-
scopy was used to establish whether there were indications that the regenera-
ting periosteum, as Crilly (1972) suggested, was more firmly anchored to the 
bone than that of the control femur. In the control femur the osteogenic layer 
was clearly identifiable as a loosely fibred layer on day 84. There were 
indications that, in the treated femur, this layer was thicker and that the fibres 
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were less loosely arranged. However, there was no evidence of distinct 
anchoring. 
fig. 7.4. Sagittal section through the area of section on day 0. Weigert-Van Giesonelastin stain 
x 80. 
fig. 7.5. Sagittal section through the area of section on day 5. Weigert - Van Gieson elastin stain, 
χ 80. 
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fifi. 7.6. Sagittal section through the boundary of the area of section. Weigert - Van Gieson elastin 
stain, χ 80. 
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//.и. 7.7. Sagittal section through the area of section on day 9. Weigert- Van Gieson elastin stain. 
χ 80. 
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fig. 7.8. Sagittal section through the area of section on day 20. Weigert - Van Gieson elastin stain. 
χ 80. 
fig. 7.9. Sagittal section through the area of section on day 84. Weigert - Van Gieson elastin stain, 
χ 80. 
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fig. 7.10 Sagittal section next to the area of section on day 84. Weigert- Van Gieson elastin stain, 
χ 80. 
7.3.3 Callus formation after periosteal section 
The osteogenic layer of the periosteum beside the site of section was already 
thickened on days 2 and 5. On day 9, the osteogenic layer on either side of the 
site of section proved to comprise cartilage columns in contact with fine 
cancellous bone; viewed from the bone surface, these columns were oriented 
away from the site of section. No cartilage formation was observed at the site 
of section proper (fig .7.11). The cartilage formation extended over a distance 
of about 3-4 mm on either side of the site of section. Formation of fine 
cancellous bone was seen on the side of the medullary cavity. On day 28, the 
area of the site of section was filled completely with fine cancellous bone and 
cartilage (fig. 7.12). On day 41, the entire cortex near the site of section was 
thicker than that in the control femur. On the periosteal side, lamellar bone 
was deposited against the fine cancellous bone with the chondral remnants 
(figs. 7. 13 and 7.14). On day 84 the outer surface of the cortex was smooth 
again, the callus having been incorporated in the cortex. On the endosteal 
side, however, a bony thickening was still distinctly visible (fig.7.15). The 
various stages of callus formation are schematically represented in figs. 7.16 
through 7.20. 
Stage 1: osteogenic and fibrous layers thickened (fig. 7.16). 
Stage 2: formation of cartilage columns in contact with fine cancellous bone 
in the areas on either side of the site of section (fig. 7.17). 
Stage 3: secondary callus formation at and next to the site of section (fig. 
7.18). 
Stage 4: fine cancellous bone between lamellar bone on the periosteal and the 
endosteal side (fig. 7.19). 
Stage 5: lamellar bone on the periosteal and fine cancellous bone on the 
endosteal side; the latter protrudes into the medullary cavity (fig. 7.20). 
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fig. 7.11 Sagittal section through the boundary of the area of section on day 9. Weigert - Van 
Gieson elastin stain, x 30. 





ßg.7.13 Sagittal section through the area of section on day 41 Weigert - Van Gieson elastin stain. 
x 30. 
fig. 7.14 Sagittal section through the area of section on day 41 (detail of fig. 7.13). Weigert- Van 
Gieson elastin stain, χ 80. 
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fig. 7.15 Sagittal section through the boundary of the area of section on day 84. Weigert - Van 
Gieson elastin stain, χ 30. 
7.3.4 Summary of observations 
1. A large number of elastic fibres were visible in the periosteum of the 
control femur on day 0. The number of elastic fibres decreased from day 
20 on. On day 84, only a moderate numberof elastic fibres were present in 
the periosteum of the control femur. 
2. On day 20, periosteum was identifiable again at the site of periosteal 
section. In the newly formed periosteum, no elastic fibres were identi­
fiable even on day 84. 
3. In the treated femur the number of elastic fibres on either side of the site of 
section diminished less markedly than in the control femur. 
4. The newly formed fibrous periosteum of the treated femur showed no 
distinct anchoring to bone. 
5. On day 9, cartilage formation was visible in the osteogenic layer of the 
periosteum on either side of the site of section. On day 28 the area of 
section was filled with fine cancellous bone interspersed with chondral 
remnants. 
6. The cartilage was gradually replaced by cancellous bone. 
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fìi! 7 16 Schematic drawing ot the first stage of callus tormation The osteogenit and fibrous 
layers are thickened 
рц 7 17 Schematic drawing of the second stage of callus formation f-ormalion of cartilage 
columns in contact with fine cancellous bone m the areas on either side of the site ot section 
fìf! 7 18 Schematic drawing of the third stage of callus formation Secondary callus formation at 
and next to the site of section 
fif! 7 19 Schematic drawing of the tourth stage on callus formation Fine cancellous bone 
between lamellar bone on the periosteal and the endosteal side 
fig 7 20 Schematic drawing of the fifth stage of callus formation I amellar bone on the periosteal 
and fine cancellous bone on the endosteal side (the latter protrudes into the medullary cavity) 
R r ^ - =·.-jj fibrous periosteum ^ ^ ^ Ц Ц cartilage ^"'¿Sr^' cartilage 
remnants 
*>**£& lamellar bone _ J (|
Пе
 cancellous bone 
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7.4 Discussion 
Immediately after transverse periosteal section the periosteum separates. 
Histological examination showed that, in all specimens, the fibres arising 
from the bone on either side of the site of section are oriented away from this 
site. It is theoretically possible that the transverse periosteal section is 
performed in the neutral zone. This, however, was excluded because, accord-
ing to Lacroix (1951) and Theunissen (1973), the neutral zone can be 
determined by the trabecular pattern and the course of the blood vessels in 
the cortex. In the treated femur it was clearly visible that both were at the 
same angle to the bone surface. The impression that the periosteum draws 
further and further apart during growth, was verified by measuring the length 
of the site of section. On day 84, the elastin-free zone was at least twice as 
large as on day 0. The retraction took place gradually during the first 28 days 
after operation, while the periosteum was still regenerating. Subsequently, 
the newly formed periosteum seemed to behave as a firm band between the 
two original fibrous halves of the periosteum. In this band, hardly any in-
terstitial growth and or stretch took place. Consequently the elongation of the 
original periosteum must have been increased. In addition it was observed 
that the number of elastic fibres did not decrease with increasing age in 
the intact periosteum of the treated femur as it did in the control femur. This 
might indicate that a relation exists between the number of elastic fibres and 
the periosteal elongation per unit of time. 
The cartilage formation observed at the boundary of the site of section on day 
9, should be regarded as a phenomenon identical to that observed by Ham 
(1971, 1974) in fracture healing. He postulated that osteogenic cells in a 
vascular environment differentiate so as to form bone but in a nonvascular 
environment they differentiate so as to form cartilage. The osteogenic cells 
are capable of differentiating to osteoblasts or chondroblasts, dependent on 
local oxygen concentration: at low oxygen tension, chondroblasts are 
believed to result, and at high oxygen tension osteoblasts. Plasmans (1977) 
also mentioned in his experiments on bone induction that local oxygen 
tension is among other things important in the differentiation of osteogenic 
cells into osteoblasts or chondroblasts. 
The direction of the cartilage columns and of the trabeculae in the callus, 
away from the site of section, suggests that tensile stresses in the periosteum 




The role of the periosteum m the growth of long hones (ι e. the rabbit femur) 
The study described in the preceding chapters was made in order to establish 
whether the fibrous periosteum exerts a regulating influence on the activity of 
the growth plates In studies of the growth of long bones, a distinction should 
be made between factors which influence the activity of the growth plates and 
those which regulate the external remodeling that results from the activity of 
the growth plates 
Theunissen (1973) introduced a model for the regulation of external remode­
ling of long bones, starting from the assumption that the fibrous periosteum 
behaves as a semi-elastic membrane stretched between the growth plates As 
a result of the activity of the growth plates, he maintained, certain parts of the 
fibrous periosteum are drawn away from the bone, particularly in the diaphy­
seal region. At other sites, particularly in the metaphyseal region, the fibrous 
periosteum is pressed against the bone as a result of epiphyseal growth At 
sites where the fibrous periosteum is drawn away from the bone osteoblast 
activity is stimulated, resulting in bone deposition. At sites where the fibrous 
periosteum is pressed against the bone, osteoclast activity is stimulated, 
resulting in bone resorption. The model introduced by Theunissen seems 
acceptable if the fibrous periosteum meets two requirements To begin with, 
the fibrous periosteum must indeed behave as a semi-elastic membrane, 
which has not been directly demonstrated Secondly it is to be demonstrated 
that unmistakable anchoring of the fibrous periosteum occurs in the epiphy­
ses, and not in the metaphyseal and diaphyseal bone areas. 
The above mentioned model does not account for a possible influence of 
other factors on external remodeling, e.g the possibility that the shape of 
long bones is programmed in the genome, or is regulated by the activity of 
muscles, nerves and hormones 
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Crilly's publication of 1972 and the study described here provide indications 
that, apart from a regulating influence on external remodeling, the fibrous 
periosteum is also involved in the regulation of the activities of the growth 
plates proper. The fibrous periosteum seems to exert an inhibitory influence 
on the activity of the growth plates. This inhibitory influence is reduced by 
transverse section of the periosteum, which results in overgrowth as com-
pared with the untreated femur. The requirements which the fibrous perios-
teum should meet if it is to function in external remodeling, also apply to its 
inhibitory effect on the growth plates proper. As has been mentioned, no 
direct proof has so far been presented with regard to the first mentioned 
requirement; but there are indirect indications that the fibrous periosteum is a 
semi-elastic membrane. Theunissen (1973) observed oxytalan fibres in the 
fibrous periosteum, and these fibres are characteristic for tissues which are 
subject to stress (Fullmer and Lillie 1958). Moreover, the fibrous periosteum 
proves to contain many elastic fibres oriented along the length of the shaft. It 
seems plausible that the number of elastic fibres is a measure of the elasticity 
of the fibrous periosteum. With regard to the second requirement there is still 
some uncertainty. According to Pratt (1959) the fibrous layer of the perios-
teum continues in the fibrous layer of the perichondrium, which in turn is 
connected with the cartilage of the epiphysis. Starting from this assumption, 
transverse periosteal section within this model should cause stimulation of 
the activity of the growth plates because the tension on the growth plates is 
reduced. However, the fibrous periosteum is not to be regarded as an entirely 
detached membrane which envelops the bone. It is attached to the bone 
surface via delicate collagen fibres; moreover, ligaments, fasciae and ten-
dons extend through the periosteum to insert on the bone. In view of these 
facts it seems plausible that the tension on the growth plate nearest to the site 
of section diminishes more markedly than that on the furthest growth plate. 
This implies that, during the initial growth phase after transverse periosteal 
section, before the periosteum regenerates, the growth plate nearest to the 
site of section is subject to the strongest stimulation. In the study described 
here, it was impossible to detect a distinct relation between the site of 
transverse section and the degree of stimulation of the growth plates prior to 
regeneration of the fibrous periosteum. 
Crilly (1972) observed that the activity of the growth plate nearest to the site 
of section was initially stimulated, and subsequently inhibited, whereas the 
activity of the furthest growth plate was lastingly stimulated. Similar tenden-
cies were observed in the rabbit femur. However, Crilly's explanation of this 
phenomenon (that the fibrous periosteum anchors to the bone in the area of 
regeneration) does not seem to apply to the rabbit femur, for two reasons. To 
begin with, polarization microscopy failed to reveal any evidence of ancho-
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ring Secondly, regeneration of the periosteum of the rabbit femur takes a 
very rapid course unmistakable newly formed fibrous periosteum is already 
visible 20 days after transverse periosteal section. Should Cnlly's explana­
tion apply also to the rabbit femur, then the activity of the growth plate 
nearest to the site of section should diminish fairly soon after the period of 
regeneration. This would mean that the moment of maximal distance be­
tween the exponential growth curves of the treated and the untreated femur 
should occur shortly after periosteal regeneration. This, however, was not 
the case, the moment of maximal distance occurred many weeks later. On the 
basis of the personal observation that the regenerated periosteum showed no 
distinct anchoring to the bone and that the moment of maximal distance 
occurred many weeks after periosteal regeneration, Cnlly's 'anchoring theo­
ry' has to be refuted On the other hand, an alternative theory cannot be 
advanced on the basis of our observations. A factor of possible importance 
may be that the ability of the fibrous periosteum to move in relation to the 
underlying bone is limited because it is attached to the bone via delicate 
collagen fibres. At this moment, moreover, important data are not available: 
the variation m tensile stress within the fibrous periosteum during growth 
after regeneration of the periosteum, and the variation in tensile stress in the 
untreated femur. Indirect indications of these variations might be obtained by 
studying the behaviour of the neutral zone after transverse periosteal section. 
These observations should then be tested against the behaviour of the neutral 
zone in the control femur 
To summarize: the above arguments show that there are reasons for the 
assumption that the fibrous periosteum exerts a mechanical influence on the 
activity of the growth plates However, the findings do not warrant the 
conclusion that the fibrous periosteum is the sole and principal factor in the 
regulation of the activity of the growth plates. Epiphyseal growth is regulated 
by general and local factors, and the manner in which all these factors exert 
their influence is still unknown The fibrous periosteum can perhaps be 
regarded as one of the more finely tuned regulatory mechanisms of epiphy­
seal growth 
In the rabbit femur, only slight overgrowth was observed after transverse 
periosteal section: an average of 1.5(0 9 χ 1.7) to 1 7 (0.9 χ 1.9) mm for a total 
growth of about 45 mm. The literature mentions an overgrowth of the same 
order of magnitude after stripping of the periosteum over the entire length of 
the diaphysis and after fractures in test animals. Reliable comparison of 
results is impossible, due to differences in animal species used, bone treated, 
measuring method used and duration of growth period studied. 
106 
Clinical applicability is a matter of speculation, because the growth of human 
long bones differs from the growth of long bones in rabbits. Human indivi-
duals show an unmistakable growth spurt during puberty. There are indica-
tions that transverse periosteal section of the femur might cause an over-
growth comparable to that observed after fractures and after stripping of the 
periosteum over the entire length of the diaphysis. Generally, this over-
growth will only be about 1 cm. Clinically, therefore transverse section of the 




The influence of transverse section 
of the periosteum on the growth 
of the rabbit femur 
A >(idi(>l<>t>ual and histological study 
Chapter I: Introduction 
Major differences in leg length are usually a result of disturbance of normal 
epiphyseal growth of one or several long bones These differences in leg 
length can be abolished by conservative and operative methods. Stimulation 
of local epiphyseal growth seems to be the method of choice This stimulation 
is observed after the creation of arteriovenous fistulae, after fractures, after 
stripping of the periosteum over the entire length of the diaphysis, and after 
implantation of ivoiy pins and metal objects in the metaphysis near the 
growth plate. 
The overgrowth is usually explained by the vascular theory Cnlly (1972) 
observed stimulation of growth also after transverse section of the perios-
teum. The effect on the individual growth plates was dependent on the level 
of transverse periosteal section Cnlly ascribed this to a mechanical effect 
The experimental study described in this thesis was made in order to esta-
blish the influence of transverse periosteal section on total longitudinal 
growth, the growth contribution of the individual growth plates, the longitu-
dinal growth contribution of the epiphyses and transverse growth at the level 
of the growth plates In addition, a histological study was made of regenera-
tion of the periosteum after transverse section 
Chapter 2: Material and methods 
Rabbits (strain: New Zealand White) were used as test animals, and the 
femur was selected as experimental model One femur was treated by proxi-
mal, diaphyseal or distal transverse periosteal section, while the other femur 
served as control A tantalum bone marker was placed in the centre of the 
transverse section, and in the control femur about halfway the length of the 
bone. Growth was radiologically followed from the time of operation (rabbit 
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age about 6 weeks) to the age of about 36 weeks. Anteroposterior radiographs 
were taken in a specially designed arrangement. A number of measurement 
points were defined on the radiograph of a femur. The coordinates of the 
bone marker and the anatomical measurement points were recorded with the 
aid of a coordinate measuring table: the Optocom. 
Chapter 3: Determination of an age-independent reference system for the 
study of femoral longitudinal and transverse growth. 
An age-independent reference system was required for studying the displa­
cement of the anatomical measurement points on the radiographs. An ortho­
gonal x-y coordinate system was used for this purpose. With the aid of a 
number of femurs with two bone markers which remained in the same 
relative position, it was possible to define a virtually age-independent refe­
rence system for all femurs with one bone marker. The x-axis of the reference 
system coincided with the line through the centres of the growth plates, and 
the y-axis was formed by the line through the lateral bone marker point and 
the projection of this point on the x-axis. Growth in the x-direction was called 
longitudinal growth, and growth in the y-direction was called transverse 
growth. 
In the analysis of femoral growth behaviour were studied the x-component 
and the y-component of a number of distances determined by the bone 
marker and the anatomical measurement points. Analysis of the possible 
error introduced by the use of the reference system showed that the relative 
error depended on the angle between the distances and the coordinate axis on 
which they were projected. For most distances this relative error was small. 
Chapter 4: The exponential growth model 
The exponential growth model λ (t) = H - G . e _ a t proved to be satisfactory for 
a number of distances. In this model H and G, respectively, represent the 
asymptotic ultimate length and total growth from t = 0 (time of operation). 
The model was satisfactory until the end of the growth period studied ( t
w
) . 





λ (0). The time at which a distance reached half its total growth (G) was called 
half-life (T1/2). T,^ is related to a, according to: Tin = a/In 2.Growth velocity 
can be deduced from the model: initial velocity v(0) = V 0 = G.a. As 
parameters for characterization of possible changes in growth after trans­
verse periosteal section, T,«, G
w
, G and V 0 for both femurs of each rabbit 
were determined. Comparison of the treated with the untreated femur with 
the aid of these parameters can reveal 13 possible qualitative differences. 
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Cluipter 5: Errors introduced by the measuring method 
The errors introduced by the measuring method can be divided into a fixation 
error and an Optocom error. The fixation error is due to the fact that the 
animals could never be fixed and photographed twice in exactly the same way 
in the specially designed arrangement for radiography. The Optocom error is 
caused by the unsharpness of the radiographs, the accuracy with which the 
investigator can define the measurement points and the technical accuracy of 
the Optocom The fixation error usually exceeded the Optocom error The 
fixation error was estimated to be not more than about 0.5 mm. and the 
Optocom error to be not more than about 0 3 mm The total error was 
estimated to be not more than about 0.6 mm. 
Cluipter 6- The influence of transverse section of the periosteum on femoral 
growth behaviour 
For the distances for which the exponential growth model was satisfactory, 
T|/:. G w , G and V 0 of treated and untreated femur were compared. For the 
distances to which an exponential growth curve could not be fitted, the study 
was confined to the total growth over the periods 6-20 weeks and 18-36 
weeks. 
Proximal, diaphyseal and distal transverse periosteal section had a stimula-
ting effect on the total longitudinal growth of the femur. No significant 
differences between the different levels of section were demonstrable. The 
length of the treated femurs exceeded that of the untreated femurs by an 
average of 1 7 - 1.9 mm. There were unmistakable indications that, depen-
dent on the level of section, one growth plate contributed more to the 
overgrowth than the other. The greater contribution was made by the growth 
plate furthest away from the level of section. The level of section also 
determined the effect on the proximal and the distal growth plate. Proximal 
transverse periosteal section caused lasting stimulation of the growth velo-
city of the distal growth plate and initial stimulation followed by inhibition of 
the growth velocity of the proximal growth plate as compared with the 
control growth plate Distal transverse periosteal section produced the (less 
pronounced) opposite effect: lasting stimulation of the growth velocity of the 
proximal growth plate and initial stimulation followed by inhibition of the 
distal growth plate as compared with the control growth plate. After trans-
verse periosteal section, changes in transverse growth activity of the growth 
plate and in longitudinal growth activity of the epiphysis could not be demon-
strated 
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Chapter 7: The structure of the periosteum 
The periosteum consists of two layers: a fibrous and an osteogenic layer. In 
rabbits aged about 6 weeks the fibrous layer of the periosteum contains a 
large number of elastic fibres. On day 84 after operation the fibrous perios-
teum of the untreated femur contained only a moderate number of elastic 
fibres. On day 20 after operation, newly formed periosteum was identifiable 
at the site of transverse periosteal section. In this newly formed periosteum, 
no elastic fibres were identifiable even on day 84. The newly formed perios-
teum showed no evident anchoring to the bone. By measuring the length of 
the area of section, the impression was confirmed that the periosteum separa-
ted further and further during growth. This retraction occurred gradually 
during the first 28 days, and subsequently the newly formed periosteum 
seemed to behave as a firm band between the two original fibrous periosteum 
halves. In the initial phase of regeneration, cartilage formed on either side of 
the site of section. This cartilage was gradually replaced by fine cancellous 
bone. 
ChapterS: Closing remarks 
In this chapter personal observations are tested against the theory of Crilly. It 
is argued that the observations which Crilly made on the chicken radius were 
confirmed on the rabbit femur. However, Crilly's explanation of the pheno-
menon that the activity of the growth plate nearest to the site of section is 
inhibited after a certain time, does not seem to be tenable for the rabbit femur. 
In the rabbit femur, anchoring of regenerated fibrous periosteum to the bone 
could not be demonstrated and a marked difference was found between the 
time of regeneration and the moment of maximal distance between the 
exponential growth curves of the treated and the untreated femur. 
On the basis of personal observations and data from the literature it is 
concluded that transverse section of the periosteum is of no clinical impor-
tance in the treatment of major differences in leg length. 
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Appendix I 
The following pages show graphic representations of the measured values 
and the fitted exponential growth curves of distances CJX, LMX, LAX, AMX, 
BFy and LEy of the untreated and the treated femur of rabbits 7870, 7859 and 
7864 (treated by proximal, diaphyseal and distal transverse periosteal sec-
tion, respectively). 
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Appendix III This table shows the rabbit number (RN), body weight at operation (W) in 
grammes and age at operation (АО) in 10~2 weeks For the distances to which an exponential 
growth curve could be fitted (CJx, LMX, LAX, AMX, BFy and LEy), the table lists the 
differences between treated and untreated femur of the parameters Т\іг, G
w
, G and V 0 The 
half-life ( T ^ ) is given in I0"2 weeks, growth from start to end of period studied according to the 
fitted exponential growth curve (G
w
) and asymptotic total growth (G) are given in 10~2 mm, 
initial velocity (V0) is given in 10~2 mm/week A negative sign (-) denotes that the parameter of 
the untreated femur exceeds the corresponding parameter of the treated femur 
Appendix IV 
The following figures are graphic representations of the exponential growth 
curves in the treated and the untreated femur of distance LAX (proximal 
growth plate) and distance AM X (distal growth plate) of rabbits 7870, 7859 
and 7864 (treated by proximal, diaphyseal and distal transverse periosteal 
jection, respectively). 
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growth period 18-36 weeks 
Appendix V. The table lists differences m growth during penod 6-20 weeks and 18-36 weeks of 
the distances GKy, LCX, LCy, LEX, MHX, MHy, MJX and MJy of the treated and the untreated 
femur in 10"2 mm. 
A negative sign (-) denotes that the parameter of the untreated femur exceeds the corresponding 
parameter of the treated femur. 
132 
CURRICULUM VITAE 
De auteur van dit proefschrift werd op 9-11 -1940geboren in Weert, Limburg. 
Na de H.B.S.-b van het Bisschoppelijk College Sint Jozef in zijn geboorte-
stad doorlopen te hebben begon hij in 1959 de medicijnenstudie aan de 
Rijksuniversiteit te Groningen, alwaar op 8-12-1964 het doctoraalexamen 
met goed gevolg werd afgelegd. Vervolgens werden bij het Klinisch Hoger 
Onderwijs te Rotterdam de co-assistentschappen doorlopen. Op 24-5-1967 
slaagde hij voor het artsexamen. Van juli 1967 tot en met november 1968 werd 
de Militaire Dienstplicht vervuld als reserve-eerste-luitenant arts bij de Ko-
ninklijke Luchtmacht. Op 1-12-1968 begon hij met de opleiding Algemene 
Chirurgie in het Ziekenhuis St. Annadal te Maastricht (Opleider: Dr. H. A. J. 
Lemmens). De vooropleiding Chirurgie werd beëindigd op 1-6-1972. In af-
wachting van het vinden van een opleidingsplaats tot Orthopaedisch Chirurg 
heeft hij verder gewerkt, van 1-6-1972 tot 15-11-1972, op de Orthopaedische 
Afdeling van het St. Annadal Ziekenhuis te Maastricht (Hoofd: Dr. A. J. van 
der Linden). Op 27-11-1972 is hij begonnen met de opleiding tot Orthopae-
disch Chirurg op de Orthopaedische Afdeling van het Sint Radboudzieken-
huis van de R.K. Universiteit te Nijmegen (Opleider: Prof. Dr. Th. J. G. van 
Rens). De opleiding tot Orthopaedisch Chirurg werd op 27-11-1975 voltooid. 
Op het ogenblik is hij als Chef de Clinique werkzaam op de afdeling Ortho-








Een circulaire doorsnijding van het periosteum heeft een stimulerend 
effect op de lengtegroei van het femur van het konijn. 
II 
De lengtewinst na een circulaire doorsnijding van het periosteum kan 
verklaard worden door het tijdelijk wegvallen van de remmende invloed 
van het fibreuze periosteum op de activiteit van de groeischijven. 
III 
Bij het röntgenologisch vervolgen van de groei van een pijpbeen dient 
gemeten te worden ten opzichte van een leeftijds onafhankelijk referen-
tiestelsel. 
IV 
De plaats van de circulaire doorsnijding van het periosteum is be-
palend voor het effect op de afzonderlijke groeischijven. 
V 
De exponentiele functie ?.(t) = H —G.e"at beschrijft in voldoende 
nauwkeurige mate de lengtegroei van het femur van het konijn. 
VI 
Een arthrotomie van het kniegewricht, welke wordt uitgevoerd vanwege 
een verdenking op een meniscus laesie, dient vooraf gegaan te worden 
door een arthroscopic. 
VII 
De prognose van het Ewing-sarcoom wordt gunstig beïnvloed door het 
combineren van radiotherapie met cytostatica. 
VIII 
Het verdient aanbeveling bij operaties voor zeer grote blaasstenen aan 
het instrumentarium voor de operatie een forcipale extractietang toe 
te voegen. 
IX 
Het door Urist ontwikkelde model voor inductie van ectopische ossifi-
caties, lijkt bij uitstek geschikt te zijn voor de bestudering van op 
botweefsel inwerkende chemische substanties. 
Chr. Plasmaos, The influence of a diphosphonate on induced 
ectopic bone. Diss. Nijmegen. 1977. 
X 
Voor het bestuderen en meten van botgroei fenomenen in vivo, ten be-
hoeve van klinische of experimentele onderzoeken, zouden bij voor-
keur ruimtelijke meetmethoden gebruikt moeten worden. Het door 
Dr. G. Selvik ontwikkelde rontgen stereofotogrammetrische meet-
systeem biedt hiervoor uitstekende mogelijkheden. 
XI 
Bij een totale heupvervanging bij patiënten met obstructieve longafwij-
kingen verdient een geleidingsanaesthesie de voorkeur boven algehele 
narcose. 
XII 
De differentiële diagnostiek van de acute buik bij de vrouw wordt 
vaak vereenvoudigd door anamnestisch extra aandacht te besteden aan 
de wijze van anticonceptie. 
XIII 
A wobbly knee gets wobblier. 
A. G. Apley 
XIV 
Vliegeren in de nabijheid van hoge bomen kan misgaan door het ont-
breken van voldoende wind. 



